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A LINKAGE VARIATION IN DROSOl’IllLA 

CALVIX IS. ISIUOCIKS 

From the Zoological Laboratory, Columbia Uninrsity 

In the breeding work upon Drosophiln done in (hi^; laboratory, 
it has been the practice to allow a feifiak^ to hn- only for a 
period of about ten days. This is the average length of t<me 
from the mating of a female to the emergence of her offspring. 
But this first brood does not by any means exhaust the eggs of 
a female; if she is transferred to a fresli e\dt urt' bottle she will 
lay as many eggs in this as in the first, and will continue to lay 
for forty or fifty days. Ordinarily, then, wi* obtain a sani])ie 
of from 200 to 400 flies from a fenuile, although three times as 
many might be obtained. It seemed to m(‘ that the full i nit put 
of each female would give a truer index than tlie one that we 
were using. Accordingly, in working out tlie linkage relations 
of se^^eral mutations, I raised from eacli of the hi femah's of 'a 
few experiments a second brooil. 

In cases involving the second chromosonu^ a remarkabh^ 
relation came to light when the results of the siaamd broods win-i^ 
compared with those from the first. Tliere lia<l l)een a change 
in the linkage so tliat both in the totals for each experiment and 
in a great majority of the individual cultures the ])ercentag(‘ 
of crossing-over had fallen significantly. Or, in othiT Iangnag(‘, 
the ‘coupling strength/ or ‘gametic ratio' had risen. 'This 
change, while very interesting theoretically, promises further 
to become an aid in the study of the mechanism of linkagi'. 

In the case of the first (sex) chromosome a large amount of 
data shows no change from first to second brooiis. 

In the case of tlie third chromosome pre.^ent data show^ an 
increase in the percentage of crossing-over, but because of the 
small number of cases the rise may not be significant. 

THE JOURNAL OF EXPERIMENTAL ZOOI.Otiy, V<jL. 10, SO. I 
JULY, 1015 
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The most efficient experiment by which to determine the 
amount of crossing-over between gens is the back-cross. Here 
a multiple heterozygote is tested by mating to the corresponding 
multiple recessive. When this is done, in the next generation 
produced, there are two contrary classes representing the original 
or Pi combinations, and two other contrary classes of cross- 
overs. The percentage of crossing-over is given directly by 
division of the sum of the crossover classes by the sum of all 
the classes. It was in this way that the percentage of cross- 
overs was calculated for the following tables. 

TABp: 1 

P] purple veHtigial X wild, C. Fi wild type 9 X purple vesiigiul d' 

SON.CHOS.HOYES8 CROSSOVERS ’ 

I'ER CENT 


l-EK CENT j 

KEF. - TOT.\L or CROSS- ] A 



Purple 
vest! Rial 

Wild type 

Purple 

Vestigial 


OVERS ' 


A 

17S 

202 

16 

16 

412 

! 

7.8 i 


A' 

152 

227 

13 

14 

406 

6.6 I 

-1.2 

H 


100 

18 

13 

222 

1 

14.0 I 


ir 

69 

104 

12 

8 

193 

10.3 1 

-3.7 

c; 

IGo 

150 

17 

19 

351 

10.3 ■ 


c 

191 

21G 

. 18 

17 

442 

7.9 1 

- 2.4 

i) 

140 

149 

20 

15 ■ 

324 

o 

bo 


\y 

116 

122 

9 

4 

251 

5.2 1 

-5.6 


191 

214 

20 

19 

444 

i 

9.0 i 


K' 

196 

229 

11 

22 

458 

7.2 ■ 

-1.8 

V 

202 

226 

20 

22 

470 

8.9 



197 

228 

25 

20 

470 

9.6 

+0.7 

(; 

105 

158 : 

17 

17 

297 

11.4 


{V 

188 

232 

17 

14 

451 

0.9 

-4.5 

II 

123 

’ 140 

26 

30 

319 

17.6 

j 

ir 

129 

179 : 

11 

20 

339 

9.1 

-8.5 

Lsts 

1195 

1339 

154 

151 

2839 ' 

10.7 

i 

2n(ls 

1238 

1539 . 

116 

119 

3010 ; 

7.8 

‘ -2.9 

)tal 

2433 

' 2876 ' 

270 

270 

5849 
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The. mutant races used in these experiments will l>e fully 
described in series of papers by Morgan and Bridges. In 
this paper I am considering only 'the small fraction of data in 
which we have records of more than one brood from a single 
female. 

THE SECOND CHROMOSOME DATA 

The first case in which this relation for the second chromosome 
was clearly shown was that of purple and vestigial given in 
table 1. Of the eight females whose tests are given in the 
table, seven showed a decrease. in the percentage of crossing- 
over and one (F) showed an increase, which, however, was 
smaller in amount than any of the decreases. Likewise, the 
totals for the second broods when com])ared with the totals 
for the first broods showed a decrease of nearly tliree units in 
the amount of crossing-over. That dilTeixMitial ^aability has 
little or nothing to do with this difference is evident from the 
regular totals. This is shown even more clearly by the converse 
case (^repulsion'), where the difference is entirely negligible. 
In all of these experiments contrary classes are affected similarly 
!ind toia like degree, wliich would not [)e the ease if viability 
were causing the change. 

Of the six females tested (table 2) all slujwed a decided drop, 
and the totals show a rather greater drop (5 units) than in the 
'coupling’ case. 

In obtaining data upon any linkage ease it is best to have half 
the data in the form of 'coupling’ and half as 'repulsion’ experi- 
ments. It has been shown by comparati\'e breeding tests that 
differential viability can be to a great extei^ eliminated by 
careful attention to the conditions of breeding particularly 
by breeding in pairs in large cultun^ bottles with the right amount 
of well prepared food. We may offset even this remaining 
disturbance by balancing the viabilty of a certain class against 
itself. For example, let us say that in the case of purple vestigial, 
the class vestigial is poorly viable. If, then, vestigial occurs in 
an experiment as a crossover class, that class will l)e too smhll 
and a false linkage walue will be obtained. The remedy is to 
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balance against these flies an equal number in which vestigial 
occurs as a non -crossover. In this case the error will be the 
o})posite of the pre\’ious one, and by combining the two experi- 
ments the errors should balance and give a better approach 
to the true value. If each class is thus balanced the error should 

TABLE 2 

Pi purple X ve.sligiol. B. ('. Fi leild type 9 X 3 >ur/)?€ tcsa’ptal (fcf 



SC>X-( KOSSOV y. K.S 

(KO^ 

SlUERS 


PER CENT 


UKK. 



P.Mph. 

voiij'ial 


TOTAL 

OF rHOSS- 

A 




Wild tyfio 


OVERR 


I 

157 

17S 

20 

21 

382 

12.3 


V 

200 

105 

12 

14 

391 

0.7 

-5.6 

J 

lOS 

170 . 

25 

25 

420 

11.0 


J' 

242 

105 

10 

26 

4<S2 

9.3 

-1.7 

K 

2.52 

'^27 

:ii 

;i8 

551 

15.1 


K' 

ION 

178 

20 

20 

422 

10.9 

— 2 2 

M 

305 

1.58 

27 

.52 

422 

14.0 


M' 

215 

2^0 

14 

25 

490 

7.4 

-0.0 

X 

00 

54 

0 

11 

1.57 

12,4 


X' 

00 

04 

4 


141 

7,8 

*-4.0 

0 

ISO 

172 

50 

52 

425 

14.6 


O' 

217 

■)‘25 

15 

IS 

475 

6.5 

-S.l 

Ists 

1007 

fl05 

140 

157 

25:4.5 

15.0 


■JikIs 

1150 

1075 

S8 

108 

2405 

8,1 

-4.9 

Oitul 

2205 

2058 

254 

205 • 

4740 




TABLE i 

Liukfuje oj ptu'pn' nnd vestigial mth balanced liaftiHig (Ists) 


.L.SR 

XO.V-CROSt- 

OVERS 

CROSSO\'ERS 

Wilt tviH' 

i;i59 

157 

Purple 

1067 

1.54 

Vcslijjiul 

0(V) 

151 

Purple vestini'il 

1195 

146 

'I'ohil 

4566 

008 


total 


PEE ( EXT or 
CROSSOVERS 


n .8 


5171 
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f)e very small. If an equal amount of liata for ‘coupling’ and 
‘repulsion’ be combined, each iiossible class will appear in the 
required manner both as a non-crossover and as a crossover. 
Table 3 combines in this manner the results for the first broods 
of tables 1 and 2. 

Of the 5174 flies of the first broods OOS or ll.S per cent were 
crossovers. A similar balancing of the data of the second broods 
from tables 1 and 2 was made for comjiarison with the results 
of the first broods (table 4), 

TAHI.K i 

Comparison of firsts and srcohds {jnirplr and itstifiial) ivith balancrd 
viidnlittj 


4,oGG 

oos 

5,174 

ll.S 



4,984 

431 

5,415 

S.O 

-3.S 

32 

9,550 

1039 

I0,,W.1 





If we take 11.8 units as the standard amount of crossing-over, 
the fall of 3.8 units is 32 per cent of this original amount of 
crossing-over. This fall of a third in amount, in connection 
with the fall in thirteen out of fourteen cases, shows that a real 
variation in linkage has occurred. 

In this case the second broods gave a trifle over half of the 
10,589 flies, showing that the egg-laying powers of the females 
had not diminished. 

The case upon which there are the fullest data (1 0,873 flies 
in back-cross experiments) is that of black and curva^d. Tlio 
first experiment involves ‘coupling’ (table 5) 

Of the broods later than the firsts, four showed a decrease 
and two a smaller rise. In the totals the fall of 1.8 units is. not 


large enough to be significant in itself. In culture 20 the female 
was carried through four broods and showed \ cry littk; decrease 
in the number of ofTspring. Likewise the mother of 31 main- 
tained her output. It is interesting that the fourth brood of 
29 showed more crossing-over than did the first. Perhaps the 
fall reaches a maximum in the second liroods. this question 
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TABLE 5 


Idack curved X wild. B.C. Fi wild type 9 X black curved d’cT 



NON'-CKOHflOVEaS 

I'ROSSOVEKS 




um\ 

Blai-k 

Wil.l typ« 

B!?uk 

CurvH 

total 

Of CROSS- 
OVERS 

A 


102 

103 

34 

40 

279 

26.5 


21>' 

72 

107 

27 

24 

230 

22.2 

-4.3 

‘>*y‘ 

10.3 

142 

36 

42 

323 

24.1 

-2.4 

■ly." 

S4 

fw 

181 

30 

208 

28.3 

+ 1.8 

;k) 

ior> 

106 

27 

44 

282 

25.2 


:i<)' 

127 

140 

44 

32 

352 

21.6 

-3,6 

:n 

127 

112 

34 

55 

328 

27.2 


31' 

•(U 

74 

18 

33 

186 

27.4 

+0.2 

31" 

0.S 

no 

38 

31 

277 

24.9 

-2.3 


334 

321 

05 

139 

'.889 

26.3 


Otlu'rs 

.Vio 

647 

102 

192 

1576 

24.5 

. -l.S 

'rotal 

.S70 

068 

287 

331 

2465 






TABLE 6 




liidck X 

-lid. 

H.(\ k\ ,r 

11(1 type 9 

X hlack 

curved 


NOX-rlK>SK)VE»S 

CKOW: 

-OVEKS 




Khl- 

Kliick. 

Ourvpd 

BllU'k 

curvol 

Wild <ypc 

TOTAL < 

OR CROSS- 
OVERS 

A 

44 

144 

1.50 

.55 

4,5 

304 

25.4 


44' 

142 

123 

• 31 

26 

322 

17.7 

— 7 7 

4S 

134 

no 

.53 

41 

347 

27.1 


4, S' 

I.’JO 

125 

32 

3.5 

351 

19.1 

-<S.f) 


A 







.’JO 

157 

14.S 

40 

' ;Vj 

■Ull 

23.0 


.’JO' 

12.5 

115 

37 

33 

310 

22.6 

-1.3 

.V2 

i;io 

0.5 

20 

r 47 

306 

24.8 


32' 

10.5 

1(10 

21 

42 

268 

23.0 

-1.3 

Ists 

570 

.512 

177 

ISO 

1448 

25.3 


2nds 

531 

463 

121 

130 

1251 

20.5 

-4,8 

Total 

1101 

075 

29S 

32,5 

2690 
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is to be investigated. In the ‘repulsion’ experiment (table 6) 
each of the four females showed a marked decrease, and the totals 
show a decrease of nearly five units. 

The most convincing experiment is the following, in which 
three second chromosome loci (namely, black, ])urple, and 
curved) are run together in the same back-cross experiment. 
Such an experiment is much more satisfactory than three separ- 
ate experiments would be in studying linear arrangement. In 
spite of the labor of getting the triple recessive used, and the 
time of classifying the flies in a more complex manner, there 
are many advantages. Since the same data furnish three 
linkage values, only a third as many individuals iiecd ultimately 
be raised, or three times the amount of data may be obtainetl 
in the same time. The resulting values are more exactly and 
safely comparable, since they were produced under the satiie 
conditions. The order of gens is most strikingly shown by 
means of the smallness of the two contrary classes which are the 
result of double crossing-over. The amount of double crossing- 
over can be directly observed instead of being calculated fr<»n 
linkage values obtained in three separate experiments and 
perhaps not strictly comparable. A comparison of the observed 
amount of double crossing-over witJi the expected amount 
gives a measure of the amount of interference. Finally, if there 
is any disturbance of the linkage, it is important that the differ- 
ent values be derived from the same experiment, so that the 
disturbance can be shown to be local! zetl or to affect the whole 
chromosome alike, as in the present case (table 7). 

In the totals of the brood.s the change for each value is sig- 
niUcaJitly a ML The thirty-five cases of changed ratios are dis- 
tributed as shown in table 8. Jn this table the percentage of 
decrease are calculated from the brood totals of table 7. it is 
e\ddent that the fall ha.s affected each section of the chromosome 
by approximately the same amount. 

Of the twelve families of table 7, eight showed a fall and two 
a rise in both component values (black purple, and purple 
curved). It might therefore seem that there is some correlation, 
such that when black purple changes greatly purple curved 
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would change greatly also. C -alculation showed that the chaiige 
for black purple in any particular female differs on the average 
frorn the change for purple curved in that same female by 3.5 
units. But the change for black purple in any given female 


Pi black purple curved X wild. 


TABLK 7 

B. C. Fi wild type 9 X black purple curved d'd' 


PER CENT OF CROSSOVKBS BETWEEN 



PQa O ; 


7ifi 

' o:i 

62 

4 

9 

17 

15 ' 

1 

.W' 

so 

9.6 

3 

“ 

18 

14 

- 

00 

i 1:51 

16.3 

12 

a 

41 

34 : 

4 

62 

; MS 

1.50 

' 12 

5 

33 

39 ! 

1 

62' 

^ 102 

114 

; ^ 

3 

21 

20 ' 

1 

06 

147 

1.56 

9 

2 

31 

20 

1 

06' 


104 

2 

3 

13 

1.5 : 

- 

08 

1 89 

76 

^ 0 

7 

24 

24 j 

3 

68’ 

1 80 

so 

! 2 

5 

18 

9 , 


70 

! 92 

92 

7 

1 

17 

20 ' 

1 

70' 

: 70 

92 

: 2 

4 

11 

5 

- 

73 

' 139 

153 

7 

10 

34 

29 ! 

_ 

73' 

(i9 

SI 


3 

16 

12 i 

l 

”4 

i 103 

121 

9 

4 

2.5 

23 ! 

I 

74' 1 

79 

97 , 

9 

5 

18 

12 \ 

- 

76 

i 122 

102 : 

12 

9 

28 

20 ' 

1 

70' 

7.1 

97 

4 

3 

13 

11 1 

3 

78 i 

140 

143 

i 6 

7 

20 

.33 ^ 

2 

78' j 

no 

138 

,5« 


15 

10 ■ 

2 

80 : 

133 

140 ' 

6 

3 

26 

24 

2 

80' 

SI 

S9 i 

■ 

3 

19 

15 : 

~ 

86 

76 

103 1 


9 

14 

IS ; 

1 

86' 

90 

83 ' 


1 

10 

14 

- 

SS 

io:i 

no 

■ 5 

3 

28 

19 

1 

SS' 

109 

111 

1 ‘ 

4 

2 S 

23 

1 

ists ; 

1476 

1577 : 

! 96 

74 

339 

380 

19 

2tuld 

103S 

11S7 ■ 

5.5 

41 

200 

166 

9 

TotflI. . 

2.60-J 

i 

2704 1 

151 

11.5 

.589 

490 

28 


a 

Total 

5 ft 

A 

Purple 

and 

curved 

A 

'^-'1 

A 

4 

175 

10 3 


21,1 


25.7 


- 

, 212 

2.4 

-7.y 

15.1 

-6.0 

17.5 

-8.2 

3 

393 

6.1 

- 

20,9 

- 

23.4 

- 

1 

3.89 

4,9 


19.1 


22,9 


- 

268 

4 1 

-0.8 

15,7 

-3 4 

19.0 

-3.9 

5 

377 

4. .5 


16.7 


18.0 


- 

214 

2 8 

-22 

13.1 

-3,6 

15.4 

-2.6 

_ 

229 

7.0 


22,3 


26.6 


- 

; 201 

4.0 

-3,0 

13.9 

-8.4 

16,9 

-9.7 

_ 

230 

3.8 


18,7 


21.6 


- 

. 184 

3,3 

—0.5 

8.7 

-10.1 

0 U.9 

-9.7 

4 

366 

5.7 


18,3 


21.8 


2 

ISfl 

5.8 

+0.1 

11.4 

-6.9 

19.0 

-2.8 

1 

287 

5.2 


17.4 


21.2 


I 

221 

6,8 

+ 1-6 

14.1 

-3.3 

19,9 

-1.3 

2 

. 296 

8 1 


17.2 


23 3 


1 

207 

5.3 

>-2.8 

13.8 

-3.7 

15.0 

-8.3 

1 

1 358 

4,5 


17,3 


20,1 


1 

: 292 

1.5 

- 

11.7 

—5.6 

14.1 

-6.0 

_ 

: 334 

3.3 


15.6 


17.7 


1 

^ 21.5 

5.1 

+1.8 

16.3 

+0.7 

20.2 

+3.5 

_ 

222 

5.0 


14.9 


18,9' 


1 

; 207. 

1,9 

-3.1 

12.1 

-2.8 

13.0 

—5.9 

2 

1 272 

4.0 


16,5 


18 4 


“ 

^ 283' 

4,2 

+ 0.2 

18.4 

+ 1.9 

21.9 

+3.5 

23 

;3934 

5.4 


IS.l 


21.3 


7 

■2693 

4.2 

-1.2 

14.2 

-3.9 

17.2 

-4.1 

30 

;'1627 
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TABLE S 

Casen from table 7 of change iti linkage 



BI.A( K lU'ltl’LK 

1‘VKIM.K 11 HV 

i,l‘ m.UK 01 HVKB 

TOTAl. 

Deere use 

7 

10 

10 


Incrcitse 

4 


■) 

s 

Percentage of decrcuse. 

■>‘> •) 

Jl 

10 


differs from the ohangc for purple eurveil ui tmy female by llS 
units, which is practically the same amount. From tliis point, 
that there is a negligible correlative change for the values for 
black purple and purple curved, we obtain conlirmation of the 
view that this change is a general one which affects ditTerent 
sections of the chromosome iiulependently, but on (lie average 
to about the same extent. 

From the percentages of occurrence of the three mutants 
(table 9) it can be seen that ditTerent ial viability has been al- 
most entirely eliminated. In the case of black, 9S flies hatclied 
for every 100 expected - a very close approach to expectation. 
In the second broods the viability is somewhat poorer, but 
since the decreases arc uniform no changes in linkage are to Ini 
expected from that sovirce. 

TMU.!'. 9 

Viahiliti/ eoejririent.'i (flala of tahle 7} 

HI.A( K I'l Kl’l.K (’UHVKD 


ists nais ().‘)7 I 0.07 

2llds 0.07) O.iV) I 0.04 


The results in table 7 are not balanced here by an eipial amount 
of data for each of the converse experiments. To balance the 
data of an experiment involving three loci re(|uir(‘s four sets 
of data, instead of two, as in the case of two loci. 

Fortunately, in the case of black and curved there are avail* 
able data for such a balancing as is given for purple and vestigial 
in table 3. Only flies in first broods can be used for this balanc- 
ing, as I shall make clear in the conclusion. 

In a paper by Bridges and Sturt ev ant (Biol. Bull. d4), there 
appear records of 7419 such first brood flies in hioupling’ and 
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'repulsion’ experiments. The data presented in this paper 
bring this total up to 11,353 flies and make the amounts for 
'coupling’ and 'repulsion’ almost exactly equal, as shown in table 


Linkage of black and curved (Ists) with balanced viaMlity 


\ PEB CENT or 
1 CBOUOVEBS 


Willi type 2210 644 

Black 2292 619. 

Curved 2148 630 

Black curved 2147 663 

Total 8707 2556 Il,a53 i 22.5 


The last case on which I can now present data for the second 
chromosome is that of streak and morula. Streak is a domin- 
ant mutation which occupies a chromosome position far from 
black in the opposite direction (left) from the loci occupied by 
the other mutants so far treated. Morula occupies a locus 
likewise very far from black but in the opposite direction (to 
the right) so that a great section of the chromosome extending 
beyond the black curved section in both directions is tested by 
this experiment. Here also the single case so far tested showed 
a fall (table 11). 

TABLE 11 

Px ntreak 9 X c^. B.C. Fx streak 9 X morula cfcf 



NOS-CKOAS- 

OVKHS 

CROSBOVERB j 


! 

i PER CENT or 


Streak 

Morula 

i Streak- 

1 morula 

Wild ■ 
type . 

TOTAL 

{ CROBBOVEBS 

82 

50 

47 

‘ 40 

31 I 

168 

42.3 

82' 

50 

31 

26 

24 1 

131 

' 38.1 


In table 12, 1 have summarized by tables the cases for the 
second chromosome. Of the sixty tests, forty-nine showed a 
decrease from first to second broods. This decrease appeared 
uniformly in each experiment. 

A more satisfactory method of summarizing the data is that 
of table 13, wherein the data have been collected according 
to the linked pair of gens tested. The relative number of 
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TABLE 12 

(.’(wes of change of linkage in the second chromosome, from tables 1,$^ 5, tJ, 7oH(i 1 1 


l>et*reait‘ 7 (i \ \ JT I 

InerejiFP 1 (i 1 0 S D \\ 

Total s ('» li 1 :ir> I i»0 


TABLE 13 

('funige for each linked pair of gens 

Pl lU'I.K Bt,.\rK H1.*( K I’l K)'l.k; Hl'MKAK 

VKKTUilM. rVHVKli lU'HI'I.K irKVKU MilKt'l.S 


Deoreaso i:i IS 7 11) I P) 

IntToase 1 1 1 2 0 11 

rercen t ago of d e rreast' ;12 71 12 7 22 'J 2 1 ’> 1 f) 1 


cases of decrease ami of increaso for each ])air is shown (table 13). 
The percentages of crossing-over calculated from the tottds 
of the first broods and of tlie .second broods for eacii pair of gens, 
have shown in every cast' a fall whi(*h is (‘onsiderable in amount . 
Table 13 (last line) gives this decrease in amount calculated as 
a percentage fall from the value given by the first broods as a 
standard, as was done in tables 4 and S. All of these methods 
show the same real change in the amount of crossing-over 
between second chromosome gens in the second brt)od as com- 
pared with the first brood from the same female. 

THK SKX ('H1U)M080MK DA'TA 

Although in the case of the first, or sex chromosome, tiie data 
are not as great iu amount as for the second, the conclusion 
is quite certain that here there is no change in the amount, of 
crossing-ov^er with second broods (table 14). 

Between vermilion and fused (‘fused’ is at the extreme right 
end of the known plotted chromos(jme) there is a large amount 
of crossing-over, and the totals show that the value for the 
second broods is practically identical with that of the firsts. 
The five females tested showed a fall in three cases, balanced by 
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a rise in the other two. More data on the same case is furnished 
by a triple experiment, which involves as the other locus, bar, a 
dominant mutant descr bed by Tice (Biol. Bull. T4). 

These data (table 15) add four cases of rise to the three given 
[)y tal)le 14, and a corresj)onding four cases of fall to the two 
from the same source. The value for bar fused shows three 
cases of fall and five of rise. For the pair vermilion bar the 
cas('S stand four against four. The totals in every case show 
practically no change (table 16). 

The section from cherry to forked includes nearly all of the 
known sex-chromosome, and for this whole distance there is 
no change in the totals, and the females arc balanced two against 
two (table 17), In this last case, that of cherry and sable, the 
slight change is a fall in the amount of crossing-over. 


TABLE 11 

Pi wild 9 9 X I'crmili'on f tiffed ifif. b\ wild type 9 X ^’i wild type (S' (S' 



KKM.VI.KS 


Ma 

.KS 



j 


KKK. 

Wild type 

Wild 

type 

rosso vers 

: \Vr- 
niilinn 
' fuswl 

Cross 

Ver- 

milion 

>vors 

Fused ^ 

TOTAL 

d'd' 

1 

PER CENT i 
OF PROBS- 
OVEBS 

A 

52 

Ot) 

30 

25 

IG 

11 

82 

32.9 


o2' 

17G 

G4 

: 5!) 

24 

19 

166 

25.9 

-7.0 

53 

GO 

22 

; 20 

9 

G 

57 

26.3 


53' 

70 

27 

' 

11 

10 

69 

30,5 

+4.2 

54 

88 

.3.8 

i 35 

14 

IG ! 

103 

29.1 


54' 

60 

20 

■ 22 

8 

9 

50 

28.8 

-0.3 

57 

61 

20 

i 22 

7 

11 1 

GO 

1 30.0 


57' 

170 

54 

47 

24 

19 

1 144 

29.8 

i -0.2 

58 

128 

55 

; 

14 

10 

i 116 

i 20.7 

i 

1 

.58' 

144 

G4 

1 38 

16 

15 

; 133 

23.3 

1 +2.6 

lst8 

433 

165 

; 130 

GO 

54 

1 418 

■ 27.3 


2nds 

G2G 

220 

: 1S7 

83 

72 

571 

27.2 

i 

Total 

1059 

304 

326 

143 

126 

; 989 

i 27.2 

1 

i 
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The summary for the data on the sex ehroinosome is given in 
table 18, similar to table 13 for the second chromosome. Tlie 
total of females tested shovs 17 oases of decrease and exactly 
the same number of increase, so that we may safely conclude 
that there is no change here from first to second broods. 'Plu' 


TAm.K 15 

l\ bar 9 9 X vcrmiHoa-fusi'd o S'. ^’i bar 9 X i‘t o' o'* 



OVKRS 


KlNill.K 

C110>SUVKKS 


UDi in.i; 

fKU 

•t :\V OK t’Hos.'sovK}:^ Hi.TW m N 

ta;r. 

V BrF.i 

XT 

Ur Fu 

V Br ll'u 
















u 







d-3 

P ^ 


B 

^ 5; 
>.3 

T 

* 

> 

b 1 

tt- 


A 

ll 

A 

? ^ 3 

A 


1«5 

105 

63 

57 

S 

7 

1 

40tl 25 9 


3 4 


2S 9 


Kl' 

KM 

87 

20 

24 


4 

■' - 

245 20 1 

5 5 

10 

~1 s 

22 1 

'-(1 8 


I2S 

164 

51 

39 

0 

4 

- „ 

392 23 0 


2 0 


25 5 



100 

94 

28 

3(1 

1 

4 


2i'i(i 22 3 

- (1 7 

3 1 

; i) .5 

25 4 

-0 1 

sit 

8,1 

10,1 

23 

24 

.i 

2 

- „ 

211 19 3 


2 9 


22 1 


.s9' 

78 

91 

21 

27 

1 

2 

1 

221 22 2 

-i 2 9 

1 s 

-1 1 

23 1 

•1 0 1 

iiri 

SO 

S.1 

30 

2.8 

5 

- 


23P 21 S 


2 1 


2tl (i 


90' 

33 

38 

22 

14 

4 

> 

1 

113 32 7 

17 9 

5 3 

1 3 2 

36 3 

1 9 4 

91 

12.'! 

107 

41 

31 

1 


- - 

30(: 23 5 


0 7 


24 2 


91’ 

91 

95 

31 

25 


1 

-- - 

2.5(1 23 2 

• 0 3 

:i 2 

t 2 5 

24. s 

! (t 0 

92 

109 

130 

41 

24 

4 


- 

310 26.0 


1 9 


22 5 


92’ 

lOfl 

105 

29 

29 

- 

1 

1 

205 22.3 

■! 17 

OS 

1 1 

22 3 

- It 2 

93 

75 

67 

19 

20 


1 

, - 

182 21.4 


It 0 


22 0 


93' 

08 

94 

31 

17 

1 

1 


212 22 0 

■il.2 

0 9 

< II 3 

23 6 

1 li 

94 

84 

96 

31 

35 

.S 

! 

- - 

255 25 •» 


3 5 


29 4 


94' 

01 

75 

20 

22 


4 

1 

1>i5 22 T 

3 2 

4 9 

t-1 4 

27.6 

.-1 s 

95 

84 

102 

27 

26 

3 

3 

1 

24.5 21.7 


2 4 

- 

24 1 

... 

l)fi 

144 

148 

43 

34 

1 

- 

1 

373 20 9 


1 1 

- 

21 1 

- 

97 

81 

96 

25 

20 

5 

3 

- - 

2.30 19,0 

-- 

3 5 


23.0 

- 

98 

107 

112 

39 

S3 

1 

2 

- - 

294 21 5 

- 

1 2 


255 

- 

Ists 

i 1273 

1383 

433 

371 

47 

2s 

1 I 

3537 22.. S 


2 2 


24.9 


2a(ls 

: 635 

677 

208 

188 

20 


' “ ^ 

1751 22.9 

•-0 I 

2 5 

■i 0 3 

24,9 

-0 1 

Total.. 

. 1908 

2060 

641 

559 

07 

40 

i 1 6 

'i2St% 22 9 


2 3 


21 9 




=73% 

1200= 

22.73' 

; 113= 

^21 4',; 
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TABLE 16 

i\ cherry 9 9 X forked cf cf. F\ unld lyye 9 X f i cherry cTcf*. 

PEMAl.i:.^ MALES ! I 


iiK.f. Non -crossovers 



Ciu-rry 

Wild 

tyjtc 

ClitTry 

Forke 

23 

*120 

145 

73 

70 

O'/ 

107 

148 

74 

82 

30 

!K) 

88 

52 

52 

30' 

37 

76 

41 

32 

84 

70 

86 

40 

34 

8/ 

02 

71 

21 

39 

83 

114 

80 

43 

78 

,8.V 

OS 

05 

48 

63 

Isis 

413 

'103 

208 

234 

2n<is 

3S4 

300 

187 

216 

Total 

. 799 

703 

30.5 

450 


l\ cherry 9 9 X sable efey. 


Cro88ovt?rs 
Cherry Wild 
forked type ^ 

TOT.^L 

d'd' 

1 OF CROSS- 1 
1 OVEBS * 

A 

65 

08 

276 

; 48.2 


66 

88 ■ 

310 

49.7 ; 

+1.5 

35 

51 

190 

! 45.2 ’ 


24 

30 

127 

1 42.5 

-2.7 

38 

26 

138 

: 46.3 


25 

28 

116 

45.7 

-0.6 

41 

33 

215 

43.7 


52 

46 

209 

46.8 

+3.1 

170 

198 ■ 

819 

46.0 


107 

192 

762 

45.8 

-0,2 

346 

390 

1581 

45.0 



A*: 17 

wild iype $ X chernj cfcT. 


FKMAI.ES MALES 


HEP. 

Clierry 

Wild 

typo 

Nori-crossovors ’ 

Cherry Sable 

Ooa.'ioverg 
Cherry Wild 
.sal>ln type ! 

TOTAI. 

PER cent; 

OF CROSV 
OVERS 

A 

i>5 

131 

101 

03 

52 

38 

48 : 

201 

42.7 


55' 

04 

0(i 

52 

31 

L8) 

:io 

142 

41.6 

-1. 


223 

107 

115 

83 

67 

78 

343 

42.3 



TABLE IS 

('fintuje for each linked pnir of genes {1st chromosome) 


(HKBHV : CHERHV VERMII.IOS VEKMIUOX BAR 
X AIII.E WOOLY a Ml Kl SKl) ELSED 


I)<*i-iT:isc 1 2 4 7 ‘ 3 17 

Iiicroaso 0 4 6 5 17 

’Yotal 1 4 8 13 ' 8 34 

IVrcoJtago ('hango -J.O -0 4 +0.4 +0.8 +13.6 
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sing'e exceptional rise in the percentage in the case of bar fused 
is probably not significant, since the same females gave no rise 
but a fall in the case of other gens, and the distance involved 
is so sihall (2.3 imits) that a very few flies make a great apparent 
difference. 


THE THIRD CHROMOSOME DA'fA 

For the third chromosome I am now able to report only the 
single ease of pink and kidney (table 19). Here four of the 
five second broods showed rises, and only one a fall. The 
totals show a rise of 2.4 units, or of 17.1 per cent, on the basis 
of the first broods. This ease in itself is too small for any con- 
clusion to be drawn. It is possible, however, that in the case 
of the third chromosome a rise from first to second broods may 
occur. 


TABLK ID 


‘i wild X pink kidney. B.C. 

A’l iia 

Id type 

9 X pi 

nk kidney 

o' o' 


1 

i NOX-CBOSSOVKRS : 

CROSWdVEHS 




REF. 

; Wild 
tyiie 

Pink i . 
kidney 

*iijk 

Kidney 

TOT.M. 

OF C’HO«h- 
OV E HH 

5 

17 

109 

97 

11 

14 

231 

10.8 


17' 

98 

84 

27 

12 

221 

17.6 

: +6.8 

21 

131 

104 

18 

IS 

271 

13.3 


21' 

123 

117 

:30 

12 

282 

14.9 

+ 1,6 

23 

111 

91 

23 

6 

231 

12.0 


23' 

70 

60 

21 

4 

164 

15,2 

+2.6 

2a 

So 

92 

24 

17 

218 

18.8 


2.5' 

107 

90 

14 

22 

233 

15.4 

-3,4 

27 

172 

as 

33 

20 

363 

14.6 


27' 

121 

10a 

;«) 

21 

277 

IS. 4 

+3.8 

iHtS 

608 

522 

109 

75 

1314 

11 0 


2nds 

328 

456 

122 

71 

. 1177 

16,1 

+2,4 


... 1136 

978 

231 

146 

2491 

15.3 
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CONCLUSIONS 

Only data which have been obtained under like conditions can 
used in dealing with any problem such as comparative link- 
age. If in the construction of a chromosome diagram the 
value used for A-B was that calculated from first brood data^ 
and the value IM ■ was based on the total output of a female, 
the prediction of new values from the diagram would be in- 
accurate, unless the linkage remained unchanged throughout 
the life of the female. But if the (liagram is constructed wholly 
fr(jm first l)roo{l values, predictions will be accurate. The 
])ractical point to be derived from this study is the breeding of 
only one brood from each female, especially in the second chro- 
niosonie work. Any other condition as a standard could not 
be fulfilled with certainty for any large body of data. 

] jnkage has been explained by Morgan on a chromosome basis, 
in a(*cordance with the cytological evidence. It is assumed 
that gens occupy fixed positions, linearly arranged within the 
chromosome. In diploid groups each such linear series is 
represented by two h^cpmologous ehromosomes, A and a, every 
locus in the one (A) corresponding to the same locus in its 
homologiie (a). Before maturation homologous chromosomes 
becoiiu' ])aired, side by side, and tl^ members of each pair be- 
come twisted about each other. At some of the points of con- 
taettho two strands twist in two, as it were; moreover, the end 
of A fuses to the other end of a as they lie opposed. Any gens 
that woi'c in strand A but on different sides of a chiasma point 
wall emerge in different strands because of the crossing-over, 
and hon(‘c will be segregated to different gametes. It is obvious 
that fho closer together in the strand any two given gens lie, 
tlie less is the chance that in any given maturation a chiasma 
will occur between them, the cliiasmas being distributed ac- 
cording to chance. The basis of linkage is that two gens lie 
in the same chromosome so close together that in 1^ than half 
the maturing germ cells a crossing-over takes place between 
them. 

There are U\o simple ways in which this scheme could be 
modified to gi^’c the change in linkage here described. We 
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must suppose that normally the tightness of twist for any chro- 
mosome . varies, within limits, in the different maturing cells. 
The length of the section between nodes— the internode-^will 
hence vary correspondingly, but around a modal length normal 
for that chromosome. It is also probable that crossing-over 
does not take place at every node but only in a certain per- 
centage, specific for the chromosome. 

H the average length of the section between nodes, the inter- 
node, remains unchanged (that is, if twisting becomes neither 
looser nor tighter) such a decrease in the aiuoiuit of crossing- 
over between given gens can be explained as failure to break 
and re-fuse, i.e., cross over, at as many of the nodal i)oints as 
normally. 

If, on the other hand, the average length of the internode 
becomes greater (that is, if twisting becomes looser) such an 
effect as described would be produced while the percentage of 
breaks per node remains constant. .V possible means of de- 
temuning which of these views obtains here is offered by a study 
of the interference effects in the first and second broods. 

Interference stands in about the same relation to linkage as 
linkage does to free Mendelian assortment. In linkage there 
is a hindrance to the indejjendent assortnient of Iw'o pairs {A, (i 
and Bf b) oi allelomorphic gens. Such a case in sweet peas is 
that of round pollen versus long (pair A, d) and red fiow'er 
versus purple (pair /?, b). In the phenomenon of interference 
there is a hindrance to the independent linkage of the members 
of two couples of linked genes, A-B and C~D, In any case of 
free Mendelian assortment one expects as great a percentage 
of A to be at the same time 6, as of a to be at the same time B] 
that is, AB : Ab ::aB : ah (as, c.g., in 9 : 3 : 3 : 1 or 1 : 1 : 1 : 1). 
In cases of linkage this relation is altered by a deficiency of the 
classes arising by crossingj-over. Likewise in cases where two 
couples A§-B ?indC~D in the same linkage group (chromosome) 
are crossed together, the number of individuals in the double 
crossover class may be considerably smaller than expectation 
according to. the proportion above. 

the IODKNAL of experimental ZODLOGY, VOL. 19 , NO. 1 



18 


CALVIN B. BRIDGES 


The development of the idea of interference is an illustration 
of the advantages of the chromosome hypothesis. The existence 
of this phenomenon was originally deduced by Muller and. 
Sturtevant from a consideration of linkage as a chromosome 
process. 

Linkage had been explained as the result of two loci in the 
same chromosome being so close together that a chiasma occurs 
[jcitwecn them infrequently. If the chiasma must occur at a 
node, then, since the internode has considerable length, there 
must be on either side of the chiasma space which is free from 
crossing-over. A couple of gens C-D might lie at such a dis- 
tance from .1-^ that when a chiasma occurred between A and^, 
the length of the internode would cause the next chiasma to 
occur most often to one side of C-D rather than between C and i). 
In any one maturing egg a chiasma between the members of 
oru' such couple would tend to prevent one between the members 
of tiui other couple; consequentlyj few gametes would be formed 
v'hich would be the result of both occurring simultaneously, 
that is,, double-crosdmj-over ivovhl be interfered with. While 
the phenomenon of interference is thus a corollary of the chromo- 
some hypothesis, it is almost unexplainable upon any other view 
of linkage. 

Since the accuracy of the calculation of the amount of inter- 
ference depends upon the accuracy of the smallest class - the 
double crossovers -in practice we derive the index of inter- 
ference from li comparison of the observed percentage of double 
crossovers with the percentage which would be expected if 
there were no interference. The percentage of double cross- 
overs expected without interference is the product of the total 
])ercentage of crossing-over between A and B by the like value 
for r and 1). Tliat is, if there is 5 per cent of crossing-over 
betw een A~B, and 10 per cent between C~D, then 5 per cent of 
10 ])er cent would give the percentage of cases in \ihich both 
occur. The case is exactly similar in treatment to the 9 : 3 : 3 : 1 
int o of two freely assorting pairs of gens, where 25 per cent of 
all cases arc a and 25 per cent arc b, and 25 per cent of 25 per 
cent gives the percentage occurrence of In order to obtain 
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a convenient index, the converse of iiiterferenoe namely coinci- 
dence, is calculated as the porcentajjje which the ohseiA ed double 
crossover class is of the expected value. 

If, as described, interference is a function of the ciiroiuosome 
twist, then from observing how the change in linkage hen* re- 
ported affects interference, we can dedue(' tiie method by which 
the linkage has been altered whetlier by a decrease in the 
percentage of breaks per node or by a d(*creas(* in the numher 
of nodes, that is, by a looser twist. 

If the twi.st remains normal and the ilecn^ase is due to a de- 
crease from the normal percentage of breaks ])(‘r n()d(‘, tlum 
each linkage value will be reduced ])roportlonally. AVluaievc'r 
a crossover does occur it occurs in tlie saim* position in which 
it would normally have occurred, so that witliin any given 
section of chromosome as great a ])ercentage of crossj)V('rs would 
be doubles as in the normal {‘oiidition. The ('ffect is to mak(‘ 
the new condition a replica of the old, (*\*c(‘j)t that »‘very cross- 
over value is reduced in a common lalm. In this sort of chango 
in the mechanism, the interfercTua' would n'lnain for 

in the ratio of the expected percentage of doubk* crossov(‘i“s to 
the observed percentage, both terms {lecr{*ase proportionally, 
so that the value is unchanged. 

If, however, the avenige loo.seiu'ss of tlu* twist is increased, a 
totally different result will he protluced. Ih*re tin* node's becouK^ 
actually further apart, sf) tliat wheneve'i* crossovers o(*ciir they 
are no longer in the .same average pejsition as fornierly l)ut an* 
wider spaced. It (hen reepiires a h)ug(*r section of tlie chromo- 
some in order that double crossing-ovea* be ]>ossil)le. This 
means that for any definite section the number of/louble ei'oss- 
overs becomes less, that is, interferes re rises. 

On this second hypothesis, then, the closer spacial in ndation 
to the length of the internode the members of the ])airs A-B and 
C~D are, the higjier is tlie interfereiua*. The new comlition 
should show the same interference as would h(‘ shown under 
the old condition of a shorter internode by gens corres))ondingly 
more closely spaced. J^y considering the amount of apjiarent 
displacement (the decrease in the percentage of crossing-over) 
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we might calculate how much interference should rise if that 
change be due to an equivalent looser twist. Thus an experi- 
mental method is provided for the analysis of the mode of twist- 
ing and the distribution of chiasmas, not only under the changed 
condition, but also under the normal condition as compared 
to the changed condition. It is, however, no small task to 
secure data for such a study, and in any other material than 
Drosophila the problem would be wellnigh hopeless of solution. 
At present the unfavorable case of black purple curved furnishes 
only enough data to give a suggestion as to the mode followed. 

The data for the calculation of interference in the case of black 
purple curved are given in table 7 and for the hrst broods may 
he summarized as follows: 

a Pr Cv B I 'Pr Cv ' B Pr T Cv B r“PF“L 

3,05.3 170 609 42 

PoiTcntage 77.61 4.32 17.4 - 1.07 

Here the total amount of crossing-over between black and 
purple is* 4.32 + 1.07 per cent, and between purple and curved 
is 17.4 + 1.07 per cent. The expected percentage of double 
crossing-over is therefore 5.39 per cent of 18.07 per cent, which 
is 0.07 per cent. The observed percentage fl.07) of double 
crossovers was somewhat larger than^ this. Although the 
difference is so small that it may be due to chance fluctuation, 
yet it will be instructive to consider its meaning on the assump- 
tion that it is not due to chance. The actual increase of 0.1 
per cent is a relative increase of 11 per cent over the expected 
0.97 per cent (percentage of coincidence 111). But inter- 
ference which incr eases the percentage of doubles is a reversal 
of the ordinary typo and the explanation of this ^negative’ 
interference is as follows: 

The preceding considerations have applied to the case in which 
tjie length of the average internode is such that when one node 
lies between A and B, the next node will most often lie beyond 
C-D. This relationship between the relative position of the 
gens and the length of the hiternode is such that a chiasm a 
between one couple will tend to prevent one between the other 
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couple, so that positive interferciKc will result. Let us now 
consider two arbitrary points, M and N, so chosen that the dis- 
'tance between them is equal to the length of the average inter- 
node. Whenever a node chances to occur near 71/, then the 
next node will most often occur near N. That is, the chances 
of a crossover at either point are \iery greatly increased by the 
occurrence of one at the other point. In this case, instead of 
getting less than the expected percentage of double crossovers, 
we would expect, on the internodc hypothesis, to get 7 ?/ore 
than the expected percentage. Interference for two such points 
may be termed ‘negative.^ 

The second broods of the black purple curved cross give the 

IV Cr I Ov It I Pr ■ 1 Cv 

36« IG 

13. G ,591 

From this we find that the interference is zero (percentage 
of coincidence 100). ^ There has been an 1,1 per cent ris* in inter- 
ference concomitant with the decrease in crossing-over. ’ This 
would suggest that the decrease in linkage here studied has 
been due to an increase in tlie length of the average internode 
rather than to a decrease in the percentage of chiasmas per node. 
Unfortunately, the nimiher of double crossovers obtained is 
not great enough to establish this change in interference as 
significant rather than due to chance fluctuation — i.e., the vari- 
ation is within the limits of probable error. 


following data: 


- 2.215 

Percentage 82f24 


00 
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THE RELATIVE EFEK'IEXC'V OF WUHOFS PARTS 
OF THE SPECTRUM FOR THI'. HEIiOTROPIC 
REACTIONS OF AXLMAI.S AXO PLANTS 

JACQUES l.OEB AND HAKIM WASTKNI-A’S 
From the RoclrJeUer Infiiitute for Mi dim! Rt^tcnrch, W u' York 

I. iN'rKoui'c'riox 

While the older authors had treated the motile ivaetions of 
animals to light as an indication of tlunr love for' or antipathy to 
this kind of energy, one of us in ISSS pointcal out tliat we are 
dealing in these eases with ])hon()meiia of orientation eom])aral)Ie 
to the orientation of plants to lightA Jn order to indicate the 
identity of the mechanism in Ixith cases he proi)osed the same 
term for both, namely, heliotro])ism (or phototropism). lax^b 
stated in his first full pamphlet ( ISSO)" that (if one source of light 
be given) the animals oricmt themselves so that (heir plane of 
symmetry falls into the dina-tion of the rays of light, “where]>y 
the symmetrical points of the* surface of the body are struck by 
the light at the same angk*. ' In bSl)7 the sanu' writer ex])ressed 
the idea that the action of light which caused tin' ludiotropic 
reactions was chemical.* Sinc(' it is rcjisonabh^ to assimie that 
symmetrical elements Jif (la* surface* of the body an* not only 
morphologically but also chemically alike*, we must suppose 
that if the symmetrical elements of tla* surfact* of the animal an* 
struck by the rays of light at the same angle, tin* velocity of 
the photochemical reactions in symmetrical <‘l{Mn(*nts of the 
surface (e.g., the eyes or skin) ari* tlu? same, sirna^ the intensity 
of the illumination of a surface (>l(»nH'nt \aries with the cosine 

* Loeb, J. RitzunRsb, ti. Wilrzbiirp:('i’ ]ihysik.-nipfl, ( Icsf'll.sr'Ji., I8<S8. 

® Der lleliotropismus dor Tiore und ('Im-r iri.stiininurj^ init dein Ilolio- 
tropismus der Pflanzcn. Wiirzbur^', ISSIC 

® Locb, J, Zur Theoric dcr phy^iolegisplipn I.irlit- inid Sdiucrkraftwirkungon. 
Pfliigcr’s Archiv, Rd. 66, p. m, 1807. 
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of the angle of incidence. The influence of the light ujyn the 
tendon and action of symmetrical muscles must in such a case 
be identical. The light, if it remains constant, will therefore 
not cause the animal to alter the direction of its motions. If, how- 
(;ver, the light strikes symmetricarelements at a different angle 
the velocity of photochemical reaction is not the same in the two 
symmetrical elements and the symmetrical muscles on both 
sides of the animal will receive unequa impulses (by reflex) 
from this source. This will lead to an automatic turning of the 
animal until its plane of symmetry again falls into the direction 
of the rays of light. 

If these premises were true, it followed that the heliotropic 
reactions of animals should obey the law of Bunsen and Roscoe 
which says that (within certain limits) the photochemical effect 
of light is equal to the product of the intensity into the duration 
of illumination; and one of us predicted that this law would 
probably be found to hold for animal heliotropism."* This 
prediction proved true for the heliotropic curvatures of Euden- 
drium, as the experiments of Loeb and Ewald^ showed. Ewald 
could also show that Talbot’s Jaw holds for the orientation of 
the eye of Daphnia by light,® and Talbot’s law is an expression 
of the fact that the physiological effect of light is equal to the 
product of intensity and duration of illumination. 

The same ’aw holds for the helio tropic reactions of plants, as 
Hlaauw and Froschl had shown. ^ It also holds for the human 
eye.® In all these cases it should be remembered that the law 
of Bunsen and Roscoe is a threshold law, inasmuch as it holds 
only' within certain limits. 

With the reduction of both groups of heliotropic reactions, 
those of animals as well a-s of plants, to the same law, namely, 
that of lUmsen and Roscoe, it is idle to consider further the 
idea that animals are led to the light because they are ^‘fond” 

* Locb, J. The JiiechaTiistic conception of life. Chicago, 1912. 

^Zontralbl. f. Physiol., Bd. 27, p. 11G5, 1914. 

® Science, N. S., vol. 38, p. 236, 1913. 

‘ Bhiauw, Rec. des Travaux Botaniques N^erlandais, Bd. 5, p. 209, 1909; 
Froschl, Sitzuugsb. d. Akad. in Wien, 1908. 

® Charpentior, .\rch. d’ Ophthalmol., tom, 10, 1890. 
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of it; pr that they are turned away from it because they Iiate it; 
or that the reactions are the result of ‘‘ trial and error. ’ ’ 

We may, therefore, conclude that the lioliotropic reactions of 
animals and plants are due to photochemical reactions and that 
the turning of the animal to (or from) the source of light is brouglit 
about automatically if the velocity of photochemical reaction 
is no longer the same in symmetrical areas of the photosensitive 
surface. <This automatic turning results wlien the muss of 
photochemical reaction products on symmetrical points of the 
surface of the anima (eye^ or skin) exceeds a certain value; 
and the variations of this value determine the relative sensitive- 
ness of different helio tropic animals. Since this has been stated 
more fully in former publications of Loeb we may refer the 
reader to these publications.^ 

If the basis of heliotropic reactions is a pliotocliemical process, 
it follows that helio tropic animals must possess a photosensitive 
substance, and the question arises: Is this substance icfentical 
in all heliotropic organisms or do the photochemical substances 
differ in different heliotropic organisms? specially does this 
question become of interest in .respect to the question whether , 
there is a specific difference between these substances in animals 
and plants. 

The method to decide this question consists in comparing the 
relative heliotropic efficiency of different wa\o lengths in different 
organisms. If we find that the optimal heliotropic effects occur 
for one form of organisms in one kind of wave lengths, for another 
in a widely different wave length of the same spectrum, we may 
conclude that the photochemical substances in the two cases 
are different, if deduction be made for the possible screen effect 
of secondary substances contained in the sensitive organ. 

The older experiments of the botanists were mostly made with 
colored screens, which yielded the result that behind red screens 
only weak or no helio tropic reactions of jdants (jccur, while behind 
blue screens they occur as well as in mixed daylight. Loeb 
was able to show in his earlier experiments that the same holds 

*The mechanistic conception of life. Chicago, 1012; article on 'I'ropiHms 
in Winterst^in's llandbuch der vergleichenden Rhysiologio, Bd, 4, p. 451, 1912. 
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table 1 


at’RATION OF 
IM.fMI.VATIOS', 
IXHtCO.VDS 

LOCATION’ OF 
THRESHOLD IV THE 
SPECTBL'M, IV MICRA 

6300 

534 

1200 

510 

120 

499 

15 1 

491 

0 

487 

^ 1 

3 , 

4 

478 

46G 

6 

448 


jrood for 1lu‘ heliotropie reactions of animals. But these experi- 
ments are not adequate to decide the question of perfect identity 
of the photochemical substances in all cases. For this purpose 
(‘Xf)eriments witli sj^ectral colors are required. The most re- 
liable experiments made on plants are apparently those of Blaauw 
on the'spore bearers of Phycomyces and the seedlings of Avena. 

Blaauw proceeded in the following way; Pie exposed a row of 
seedlings of A\'ena to a carbon arc spectrum for a certain time. 
The seedlings were than placed in the dark and. after the proper 
time it wjis ascertained which part of the spectrum had induced 
heliotropic ciiiA^a turps. By varying the duration of time of 
exposiu’e to tlie spectrum it was found that wdth a minimal 
time of (’xposure only certain blue rays, namely, those of a wave 
length of 478 caused heliotropie bending, while with 
long(‘r ex])osiire longer waves also became efficient. In this way 
the minimum duration of exposure for various parts of the spec- 
trum was ascertained. Table 1 gives his result. 

The rod and yellow parts of the spectrum were ineffective for 
the intensity and time limits used and the optimum of efficiency 
was in the blue, in the region between 466 and 47Sjuju. 

\ shorter series of experiments was made on the fruit bearers 
of Idiycomyces, with the following results: 

Ut to 47 per cont of the Phycomyees showed heliotropie curvatures 
after 192 seconds of iUiitriination at 615 
after 192 seconds of illiiiniiiation at 550 ju/x 
after 16 seconds of illumination at 495 mm 
after 32 seconds of illumination at 450 jum 
after 64 seconds of illumination at 420 mm 
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The number of experiments Avas limited uui they indicate 
an optimum between 495 and AbOfifi, in this respect agreeing 
with the results on A\'ena. 

We were anxious to know whether for tlie heliotropic reactions 
of sessile animals the optimum is situated in tlie same region 
of the spectrum. The number of sessile animals wliicli are 
sensiti,ve to light is rather limited and we had to make use of tlie 
hydroid Eiidendrium, which also served in tlie exiierinnaits of 
Loeb and Ewald. 

IT. THE HELIOTROrU' RKKTIONS (M- l-:i Dl'lNOlUl’M 

The newly formed polyps are positively helio tropic to light 
and they react by bending towards tlu' light. The bending 
occurs in the region near the stem; the nudluxl of proei'dure 
was as follows: 

Immediately after the colonies were bi'diight into th(‘ laliora- 
tory good stems with from 4 to S or more jiolyps W('re select ( m 1. 
The polyps were cut off and the sterns put into glass troughs 
filled with sea-water, where tliey were held in jiosition by lieing 
fixed in little holes of a layer of ])araflin, on th(‘ bottom ol the 
trough. The troughs had jdain jiarallel walls. Th(‘ steins were 
exposed during the first day to ordinary light since light is 
necessary for the regeneration of polyps*'* and were then ])Ut 
into the dark-room. In the dark-room tiu' polyps dev(4op(Ml 
during the next day. These newly loniie(l j)()lyps twv very 
sensitive to light and w(‘re used for tlie (‘xjx'riment. 4 he trougli 
was then expired to a carbon arc spectrum, the visible' portion of 
which was about 20 cm. wide. The spectrum was in a dark- 
room and all precautions wen' taken to guard against any 
reflected or other light from reaching the' ]>olyps. 1 he ste'ms 
were in a row' and each one was exposed to a flitTer('nt [)art of 
the spectrum. The position of each individual poylp was marked 
in a diagram at the beginning of the experiment and the j)oly})s 
were exposed to the spectrum for times varying from five min- 
utes to five hours. Then the polyps wen* put into the dark again 

JOLoeb, ,1. EinfluKs dos Lichtcf? auf dir OrKiuiijiiduntr bpi 'I'icrm. l’fluj;(;r's 
Archiv, Bd. 63, p. 273, 1896. 
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and after the proper time (two hours or more) the number of the 
polyps which had bent to the light in various parts of the spectrum 
was ascertained. As the reader will notice, the bending of the 
polyps took place after they had been put back into the dark. 
This corresponds with the method followed by Blaauw in his 
experiments on plants and of Loeb and Ewald in their experi- 
ments on the applicability of the law of Bunsen and Roscoe to 
fieliotropic reactions. 

We have also made experiments in which the stems were ex- 
posed long enough to the spectrum to enable them to form their 
polyps while still exposed to the light. The determination of 
the wave length to which each stem was exposed was rendered 
possible through the use of the absorption bands of a solution 
of didyrnium nitrate. With the aid of these bands, we could 
f left no accurately the position of each stem and polyp in the 
spectrum. We are indebted to Dr. E. Butterfield for the exact 
location of these bands in the spectrum. 

In noting the result the reader must keep the following Tacts 
in mind: When a short exposure to light influences the orienta- 
tion of the polyps of a stem, this will show itself in the fact 
that the majority of the polyps of that stem will bend straight 
to the light. If there is no effect of light, the polyps will grow 
in any direction but it may happen according to the laws of 
l)robabiIity that one or the other may bend to the light. In 
order to be sure that the light influences the direction in which 
the polyps bend we must require that so great a percentage 
bend toward the light that chance may be excluded, before we 
draw the conclusion that we arc dealing with a hellb tropic effect. 
We considered it a positive result when 50 per cent or more of 
the polyps bent to the light. That they should all bend to the 
light cannot well be expected, especially in cases of short dur- 
ation of exposure. The new polyps arc extremely delicate and 
they are not all healthy or strong, Moreover, certain polyps 
will be partly screened from the light by the stems. Blaauw, 
as well as Loeb and Ewald, had to use the bending of 50 per 
cent of the specimens as a criterion of a positive result. The 
fact that each stem has only a limited number of polyps creates 
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an additional diffigulty, in this way: that ifl>y chance one 
polyp is directed to the light and there are only five polyps on 
the stem it may appear as if 20 per cent of the polyps had reacted 
positively, while in reality the stem was not influenced by light 
at all. To avoid misinterpretations of this kind from influencing 
the interpretation of results we always give the number of 
polyps in a stem in the following tables. 

In indicating the wave length it should always be remeiubcrtHl 
that the region given is usually the center of a small zone which 
contained the stem; since the latter’ is not straight and since 
the polyps are irregular in position it is not possible to indicate 
the position by one line in the spectrum. 

We will now enumerate some experiments. In the first verti- 
cal column is given the wave length, in Angstrom units, to which 
the stems were exposed (indicating in the next column the color 
of the region). In the third column we give the fraction of the 
number of polyps bending to the source of light over tlie total 
number of polyps. In the fourth column we give the percentage 
of the polyps bending to the light. Kach experiment was made 
with different material on different days,' unless the contrary 
is stated (table 2) . 

From this experiment we may deduce, first, that for this dur- 
ation of exposure (five minutes) the rays to 5700 A.u. (i.e., the 


TABLE 2 

Experiment 1: Exposure of Eudendrivm pobjpH for for, minuien to the 
yipectnan 


WAVE LENGTH IN ANGSTROM 
UNITS * 

COLOR OK THE 
8RECTIUL REGION 

KH.^criOS OK I'OLVI-S 

1 REST TO THE I.ll HIT 

I’KRCENTAOK OK I'OLYIN 
RENT TO THE LKillT 

About 6500 

orangu-riMl 

1/2!) i 

(4) 

About 6000 

yellow 

i 0/4 i 

0 

About 5700 

yellow 

0/13 ^ 

0 

About .5300-.7345 

ycllowish-grccn 

1 5/15 ! 

3.3 

About 5100 

green 

1 ' 3/12 i 

25 

About 4900 

blue 

^ 11/32 ' 

35 

About 4735 

blue 

30/40 1 

62 

About 4690 

blue 

1 4/21 1 

19 

4600 

blue 

i i 

23 

4400 

indigo 

1 5/52 ! 

1 _ ! 

10 
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oranj!;r and yeffow rays) are absolutely ineffective; that the 
rays for 5300 to 4000 fie., yellowish-green, green, and greenish- 
blue) are only slightly effective; while the rays of the wave length 
of A.U., fi.e., blue) constitute the optimal portion; and that 
in the indigo the efficiency diminishes again. This result is al- 
most identical with the one obtained by Blaauw with the seed- 
lings of oats ftabie 3). 


TABr.E ,1 

ICxifcn‘ni(‘nl 2: five ?nini(tes 


i.\ ; 

(’fji.ori ar thk 

suKrj'iuAf- EtKfiirjX 

KK^C’Tttl.V OF rOLTI*S 
HUNT TO THK J-iyilT 

PERCEXTAGE OF POLYPS 
BENT TO THE LIGHT 


yellow 

0/2 

0 

oJ] I 

; green 

1/2 

(60)? 

:>ioo 

1 blui.sli-giecn 

4/6 

66 

tsoo 

1 blue 

0/22 

41 

4735 

1 blue 

3/3 

100 

47W 

blue 

1 3/11 

27 

4r)7<i 

bine 

8/10 

80 

4500 

indigo 

3/3 

100 

4400 

indigo 

9/2 

100 


ultraviolet 

1 

U/11 

0 


This result was less striking than the previous one through 
the combination of two circumstances; fl) The material was 
jnor(‘ s(‘nsitiv(‘ than that ushd in the previous experiment, and 


TABLE 4 

Exin rititeul J: Duration of (‘xpoftvrc, Jive ininutcs 


VVL TH I\ ANCsTHi 

M i Cnr.Oil OF THE 

* 

FKACTJO.V OF POLYPS 

PEBCENT.VGB of POLVP3 

1 SiT< 

i SI'ECTKaI. KtOION 

be N'T TO THE 1.1 CHT 

BEXT TO THE LIGHT 

6200 

i orange 

0/'3 

• 0 

5600 

: yellow 

0/5 

0 , 

5300 

1 yollowisli-grecn 

1/10 

(10) 

5000 

j bluisli-grocn 

1/10 

(10) 

4S50 

i blue 

0,'T> 

0 

4735 

! blue 

i H/13 : 

' 62 

1700 

, l)lue 

' 1/7 

1 14 

lt50 

indigo 

! 0/'3 

0 

4432 

indigo 

0/2 

I t) 

4000 

; violet 

0/6 

1 0 

3850 

i violet 

1/2 

i ? 

3600 

ultraviolet 

0/1 

1 0 
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(2) the number of polyps wns so small that the eTror ^^'as greater 
and the results not so uniform. Positive results were obtained 
in the region between A.ii. 4400 and 4735, that is, in the blue 
and indigo and also possibly in the bluisli-greeii; yellow was 
ineflfective, as before (table 4). 

The most effective region of the spectrum in this exjieriment 
is again the region about 4735 in the blue, the same which has 
proved the most effective in the two previous ex]ierimeuts. In 
all the experiments red, orange and yellow, and ex1rem(‘ indigo 
and violet, were ineffective. 

The next two ex peri men ts (4 aiul 5, tabU's 5 and t>) w(‘re made 


TAIU.K .■) 

hxjxn'iuuni Jf: hx^iitsurv lo lajhL (tmr 


WAVK l,KXGTH IN A.NGSrHOM 

( or.itu fir i iiK 

! I- 1< rioN u}- I'ut.Yi-s 1 

I IK KNTAiil: ikK 1*01, VI‘H 


WIM'X'TllAl. HKilldV 

Tel •l ilt: 1 I..1II- : 

MI NI' Hi ITIK l.liJH T 

About oGOO 

yelI()wish-<r|'of'ii 

(» 5 ; 

0 

5400 

yelluwisli-jj!r('('ii 

6 23 

23 

.5000 

lihii.sli-Hi'con 

4 22 

IS 

4800 

blue 

4 13 

31 

4735 

blue 

IS 30 


4700 

blue 

; 2.' 12 1 

17 

4G70 

blue 

0,21 : 

13 

M 

I'Aiuj: i\ 

ExpcriiiK fil 5 : Expnaiin- to {itjlil, ttinc minuh 

V 

WAVK LL\<;TH in ANGSriloM 

(•OI.OK oe TUK 

1 I'HM'nu.V dl- I'd|,vi’>, M 

Kl(( KM Ai.M OK I'Ol.VI'H 

CNlTiS 

hl‘K<'ri<ALJIKt;ld\ 

i jtK\T T(J Tin: 1 h.iiT : 

II KM- ru rut: moiit 

5760 

y(4low 

3 11 1 

27 

5G00 

yellow 

ll’-i ■ 

s 

5200 

grorn 

‘ 2; 16 1 

13 

4900 

blue 

-t4 ; 

.50 

4800 

bliu' 

; 4/10 

•10 

4735 

blue 

; 3/'3 ■ ! 

too 

4700 

blue 

7/20 

35 

4076 

blue 

0 1 

0 

4500 

blue 

0, 1 

0 

4432 

indigo 

3/42 

25 

4100 

violet 

0/2 

0 

4000 

violet 

r 1/7 

14 

3800 

violet 

: 

0 
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with shorter exposure of the polyps to the spectrum, namely, 
four and three minutes. 

The exposure of three minutes is the* minimum from which a 
result can be obtained, and the results of table G are difficult 
to account for. The tinie of exposure is so short that slight 
differences in the sensitiveness of various stems make themselves 
felt. Both experiments agree in their result with the previous 
ones, namely, that the region around 4735 A.u. (in the blue) 
is the most efficient. 

It was to be expected that in a longer exposure polyps would 
bend to the light in both indigo-blue and in green but not in 
yellow and red. Table 7 gives the result of an experiment 
with an exposure of fifteen minutes. 


TABLE 7 

Experiment 6: Exposure to light, fifteen minutes 


WAVK I.fl.NCTH IN 1 
AN^iSTHUM i;VlTS ! 

\ 

COI.OK THK SPKCTRVl. 

HKillOM \ 

KKACTION' OF POLl'FS ll 
BEST TO THE. LIGHT 1 

•ERCENTAOE OF POLYPS 
BENT TO THU LIGHT 

1^700-4100 ! 

pxtrcnie viStet ' 

. 14/30 

1 45 

4100-4900 1 

violet indigo and blue 

1 72/95 

76 

4900-5400 1 

green and bluish-green 

14/37 

38 

.5400-6700 

. orange-yellow toyellow- 




ish-green 

0/? . 

0 


-W 


Unfortunately, no record of the total number of polyps formed 
in the yellow and red was preserved; the number, however, was 
large. 

The experiment confinns that the blue and indigo are the most 
efficient rays while the green arc markedly less efficient. The 
yellow and red rays are inefficient. The longer exposure brings 
out the heliotropic effects in the extreme violet which do not 
show with shorter exposure. 

In the following experiments an attempt was made to ascer- 
tain the influence of longer exposure. The first question was 
whether by making the duration of exposure considerably 
longer we should be able to induce heliotropic curvatures in the 
yellowish-green, yellow and red. Second, we wished to find out 
whether solarization effects might be observed in the case of 
too long an exposure. 
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The method was as follows: Different stems of Eudendrium 
with young polyps (prepared in the way described abo\'e) were 
put successively into the same limited part of the spectrum. 
Each stem was exposed a different length of time. The purpose 
was to find out how much time was re(|uire<l to cause the maxi- 
mum number of polyps to bend toward tlie light (table S). 

TABLE s 


Experivient 7: Eudendrium exposed to light 
of ^700 .1.?/. (blue) 


DERATION OK 
EXK081 HE IN 
MINUTES 

rB.SCTIC^N OK 
i“01. VI’S went TO 
TUE LIGHT 

I'EltCENTAiiF, OK 

1 I'OLYEa HEM' TO 

THE LIGHT 

^ 1 

L.. 1 

10 

10 

on 

8/11 

Q /‘>0 

73 

28 

40 

o/ -P J 

1/^ 

33 


\ IS/TA 

\ 

■ 100 

\ 2\/'24 

1 100 

\ — 


The experiments show that, an exposure f)f more than ten 
minutes (for the light intensity used in our experiments) did not 
essentially increase the percentage of polyps bending to the light. 

TABLE 0 * 


Eudendrium exposed lo light fire oiid n half hours 


WAVE LENGTIUN ANGSTROM 
UNITS 

COLOR OK TH K 
SKKCTKAE KECflOV 

KR AITIOV OK l“nr.Yi‘S 
llCVT TfJ the I.KJHT 

I’KIM’KNTAGK I 
BENT TO Till 

4800 

blue 1 

7/16 

44 

4950 

blue 

i 1/0 

IG 

5300-5500 

green 

3/13 

24 

5720 

yellow 

0/21 

0 

6000-6550 

orange and red 

0/32 

0 


We made with the same material an experiment in which the 
polyps were exposed for five and a half hours to the s]>octrum 
from blue to red with the result shown in table 0. 

The experiment shows again, first, that even in five and a half 
hours the rays from yellow to red are without any hcliotropic 
effect. Second, that the efficiency of rays with \\a\e length of 
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4800 and above is less than that of wave length 4700. It is 
possible but not certain that there are solarization effects. 

In the next series of experiments a region in the neighborhood 
of 5600 A.u. in the yellow towards the yellowish-green was 
selected for the stems (table 10). 

TABLE 10 

Experiment Eudendrium ex- 
posed various lengthy of time 
to the same wave length {about 
5600 A.U.), 


DURATION OF EX- 
PoauRK IN MiKirriiS 

POLYPS BENT TO 

1 THE LIGHT 

10 

0 

20 

0 

40 

0 

80 

0 

160 

0 


In order to make sure that this negative 'result was not the 
fault of the material experiments with the same lot of material 
were carried out in the blue-violet part of the spectrum (table 
11 ). 

TABLE II 


Eudendrium exposed for one hundred and fifty minutes 


WAVE LENGTH IN ANGSTROm: 
UNITS 

COLOR OF THE 
SPECTRAL REGION 

FRACTION OP POL TPS 

BENT TO THE LIGHT 

PERCENTAGE OF POLYPS 
BENT yO THE LIGHT 

4220-4500 

violet and indigo 

21/24 

87 

45004660 1 

indigo-blue 

9/11 

82 

4660-4710 1 

blue 

7/10 

70 

4710-4750 

blue 

15/15 j 

100 

47504850 

blue 

14/16 i 

85 

4850-^00 

blue-green 

-4 

OO 

87 


This experiment again shows strikingly that the blue and vio- 
let part of the spectrum is the effective one. The region between 
4700 and 4750 A.u. is again the most efficient. 

In a third experiment of this series the stems were exposed 
to a wave length of about 4900 A.u. (blue towards the green) 
for various periods of time With the result shown in table 12. 
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TABLE 12 

Experiment 9: Eudendrium exposed to ti^hl of 
*4820 J.Ti. (blue) 


DPRATIOX (?r EX- 
POSrRE IN MINUTES 

FRACTION or POLYPS 
BENT TO THE LIOHT 

1 PFBCKNTAfil; OF 
' POLYPS BENT TO 
THE EIOHT 

0 

2/9 

22 

10 

5/11 

45 

20 

8/12 

75 

40 

7/11 

64 

80 

11/13 1 

73 

160 

5/lS i 

28 


With the same material an experiment with lonp c‘X|k)sure 
(five and a half hours) in the region of shorter wave lengths, 
3750 to 4700 A.u. (namely, from the blue to extreme violet) 
was carried out. In all, 52 hydro ids out of 06 (i.e., 79 per cent) 
were bent forward. There was not mucli differenc(^ in the vari- 
'"IS regions^ probably due to the long exposure. 

III. CONX'LUSIOX AND SUMMARY OP KKSULTS 

These experiments have shown that the most efheient region 
in the spectrum for the i)roduction of heliotropic curvatures in 
the hydroid Eudendrium is situated in the blue at X ^ 4735 A.u. 
This region coincides approximately with the one found by 
Blaauw for the seedlings of oats namely X 4780 A.u. 

The regions in the red, orange and yellow are practically with- 
out effect in both Eudendrium and Avena. 

The heliotropism of the sessile animal iMidendrium and that 
of the sessile plant Avena are therefore identical even as regards 
the most efficient wave length. 

We expect to discuss the effects of different wave Iruigths upon 
the heiiotropic reactions of motile animals and plants in another 
paper. 
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THE ORIENTATION OF AMPHIOXFS DUHINC; 
LOCOAIOTION* 

LESLIE B. ABEV 


Observers have differed re^»:artlinj]; the question as to which 
end of Amphioxus is in advance during swinuning. Rice (’SO, 
p. 8) seems to have been tlie first to record observations on 
this subject: 

These movements were exeeuteh sometimes ui)on (he l);u>k, someiinu's 
upon the abdomen in the position of ordimuT tlslu's, it seema'd to make 
very little difference which side was uppernit)st, but I liavt* never .se<m 
them move backwards or tail-end foremost. After eireumnavigating 
the vessel once or twice gra<lually moving sl{)wer and slow('r, tiiey wtmld 
stop and sink down upon the san<l at tlu' bottom. 

In a more general statement Steiner ('SB, p. 407) came to the 
same conclusion as Rice, '‘sic stellen sicli so auf, class ihre Hreit- 
seite in die verticale Ebone fallt uiid raseh entfliehen sic (from 
the stimulus) mit grosser Oschwindigkeit, das Kopfernle vf)ran, 
indem der Korper .schlangcdnde Bewegungen niaeht, an dcuien 
der Kopf nachweisbar theilnimmt. ” Two years later (’88, p. 41) 
he expressed the same opinion in almost identical language. 

Parker (’08, p. 441) took the oppf)sit(' view: 

The locomotion of arnpliioxus is a rapid, curiously irregular wriggle, 
often accompanied with somersault-like movejnents which make* it 
impossible to be sure at any moment whether the animal is swimming 
backward or forward. The results of moment aiy stimulation, however, 
show very conclusively that aniphirjxus can swim both backward and 
forward, and that the direction of swimming at llie Inginniiig of any 
course is dependent upon the part of tlu* animars body that was stimu- 
lated. But how long amphioxus keeps to uik! form of movement 
I was unable to discover. The lact that it usually buries its(‘lf in the 
sand tail first loads me to believe that, though it can swim hu'ward, 
as maintained by Rice and by Steiner, it usually swj//i.s /backward. 

* Contributions from the Bermuda Biological Stalion for lle.seai ch. No. 
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Parker and Haswell (10) in their '' Textbook of Zoology’^ 
refer to the more or less upright position which Amphioxus as- 
sumes ,after burrowing in sand and then add the following 
astonishing and somewhat ambiguous statement (vol. 2 , p. 46) : 

'^t also swims in the Vertical position, - However 

this assertion may be interpreted, it certainly is contrary to fact 
as far as the West Indian Amphioxus is concerned, and from the 
description of other writers (see also the frontispiece in Willey’s 
’94 book), the same criticism undoubtedly applies to the closely 
allied luiropean species as well. Anyone may easily ^nvince 
himself that the foregoing quotation either presents a gross 
error or is highly misleading (according to the alternate possi- 
bilities of interpretation), if he will observe for a short time the 
locomotor responses, regardless of the antcro-posterior orienta- 
tion, exhibited by Amphioxus under various natural or experi- 
mental conditions. 

Whil^ working recently at the Bermuda Biological Station 
opportunity was afforded me for making observations on the 
swimming habits of the West Indian lancelet, Branchiostoma 
caribbaeum Sundevall, a species very similar to the common 
European Ampliioxus. This animal is found in abundance 
in the coarse coral and shell sand of Flatts Inlet, which connects 
the water of Harrington Sound with the outside ocean. 

Ordinary mechanical stimulation, as by a finely drawn glass 
rod, gave too active a response for observation and accordingly 
a milder stimulus was sought. This was found in a weak stream 
of sea-water forced from a rather large canula; if the jet was weak 
and was directed vertically through 10 cm. of air and 10 cm. of 
water, the entire body of the animal became subjected to a 
gentle stimulus formed by the wave front. When thus stimu- 
lated the locomotor response tends to be less energetic and the 
disadvantages of local or directional stimulation are obviated, 
while it has a further advantage over other mild stimuli such as 
jarring the contain in g-dish, inasmuch as individual animals 
may be singled out for experiment and watched from the begin- 
ning of their course. 
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About thirty individuals:; were placed in three glass jars con- 
taining a layer of ^amphioxus sand’ and were stinuilated by the 
method just described. All responses in which the orientation was 
doubtful and those responses which included wild dashes or ex- 
cessive somersaulting were disregarded : of fhe responses recorded, 
some were obser\"ed during the whole course and others were 
judged chiefly by the orientation at the beginning and partic- 
ularly at the slowed-down finish of tlic swinnning reaction. 
A tabulation of observations obtained in this manner is as 
follows:^ 


Total number of responses oC 

Anterior end in advance U 

Posterior end in advance 0 


In a considerable number of animals the first movement was 
backward, but the direction was quickly reversed bringing the 
anterior end in advance: this condition will bo discussed later 
in connection with other experiments. 

When^ however, Amphioxus are free to move in unlimited 
space, the somersaulting and the quick reversals of direction 
make accurate observations as t(3 what is occurring during the 
response very difficult. To obviate this difficulty a large por- 
celain pan was partly filled with water, giving dej)ths which 
varied from 0.5 cm. at the edge to 1.25 cm. at the center. Ihe 
movements of Amphioxus under these conditions weni as follows: 
When a stimulus (a bristle or finely drawn glass rod) wasapf)li(Kl 
to the anterior end, the animal responded with a backward spring; 
if locomotion was now continued, this direction was not main- 
tained for more than a few centimeters, for a (piick reversal 
occurred, exceedingly difficult to follow, but which seenjed to 
include a doubling end for end succ(?eded by a partial rotation 
Qf the long axis of the animal about its middle point; as a 
result the Amphioxus swam away with its anterior end in 
advance and usualh" at an acute angle with the direction toward 
which it was heading before stimulation occurred. During 
subsequent swimming these reversals occasionally occurre<l and 
as a result the posterior end of the animal might be in jidvancc 
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for a short time; in this event, however, another reversal soon 
restored the former orientation and the normal direction of 
continued movement was plainly with the anterior end in front, 
\yhen the posterior end was stimulated the animal sprang 
forward and if it continued to swim, it proceeded head fore- 
most, although subsequent reversals usually occurred from time 
to time. 

One lancelet of this set w'as especially instructive; after stimu- 
lation and the usual energetic response, it would continue swim- 
ming at a rate of about 1 cm, per second for a considerable 
distance without reversal; in several instances it more than 
circumnavigated the dish, a distance of over a meter, yet the 
anterior end w^as always carried in advance. Several other 
animals show^ed the same behavior but in a less degree; in general, 
after several responses the reaction W'as as long but less vigorous 
than that of a rested animal, and hence was easier to observe. 

A circular trough 30 cm. in diameter, 0.5 cm. wide at the 
bottom and 1 .25 cm. wide at the top w^as constructed by placing 
a porcelain pan, bottom up, inside a slightly larger pan; the 
purpose of this arrangement was to give the animal free swimming 
room but to limit its locomotion to one direction. The results 
w^ere in agreement with those described previously; it was im- 
possible to make an Amphioxus swim backward for more than a 
fe\v centimet(‘rs before somersaulting and forw^ard locomotion 
occurred. 

A final method, which ga^^e more conclusive evidence concern- 
ing the orientation of the animal during normal locomotion in 
unlimited space, consisted in treating one end of the lancelet’s 
body with an intra vitam stain, w^hereby through direct obser- 
vation one could be certain of the animaFs orientation even 
during the wild dashes that often occur. Objections may be 
raised to the artificial conditions of the experiments described 
above, wiiich w^ere devised for limiting the animaFs move- 
ments; thus it is entirely possible (although I do not believe it 
to be actually the case) that Amphioxus has a more complicated 
swdmming behavior in the open than when locomoting in close 
quarters whore some of its movements, including perhaps back- 
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ward swimming, are omitted. Tlie whole locomotor response 
is undoubtedly much more rapid during unimpeded progress, 
hence it might be argued that although the animal in slower and 
more deliberate swimming carried its anterior end persistently 
in advance, yet when moving rapidly, if ance reversed to back- 
ward swimming (and I ha\^e shown above that this reversal 
actually occurs from time to time), the phj'siological inertia of 
the animal as it travelled at its higliest s])eGd would tend to keep 
it so oriented until the swimming movements gn^w less energetic 
and the animal returned to the deliberate swimming that is 
characteristic at the end of the course. The data given at the 
beginning of the paper, in w'hich nine out of fifty animals were 
recorded as oriented witli the posterior end in ad\'ancc while 
swimming freely in large aQuarium jars, would tend tf» strengthen 
this suspicion; on the contrary, the actual results obtaiiied from 
a study of stained animals did not substantiate such a line oi 
reasoning. 

If an animal, with the exception of oJie end, is wrajjped in a 
fold of w'et absorbent cotton and laid on a glass plate, the ex- 
posed end can he immersed without difliculty in the stain; in 
this case a weak solution of maitral red made up iu sea-w^ater 
w^as used. The anterior end was the one stained in most cases, 
for the more open structure of tlu' pharyngeal region off(‘rs a 
larger surface for the reception of stain. After the stain liad 
caused coloration to a deep pink or light reddish shiule the animals 
were allowed to recover over night. 

When stimulated after such treatment, the stained (‘xtnunity 
could be follow'ed with comparative ease, and observations jiiade 
in this w^ay corroborated my earlier (“(jiiclusions. Amphioxus 
does not locomote backward for any eonsiderahle distance, even 
when the response is extremely vigorous; but, a somersault 
brings it tail-end in advance^ either another reversal follows 
directly or the animal changes its course and returns more or 
less in the direction from which it came. 

I believe the observations recorded in tlu^ fir.'^t (?x peri men t 
of nine lancelets, w^hich were supposed to sw’im backward, can 
be explained as folio w’s: When the swimming response is nearing 
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completion, the vigor of the muscular movements rapidly de- 
creases and ends in complete collapse (Kice ^80, p. 8; Parker ’08, 
p. 441). After cessation of movement the animal is carried on a 
short distance by its own momentum and then sinks slowly to 
the bottom- According to notes taken at the time, five of the 
nine animals thus observed were judged chiefly by the finish 
of their response; if a reversal occurred just previous to the ces- 
sation swimming, it is reasonable to expect that the nearly 
exhausted animal would not reverse again but would continue 
tail first with the last feeble strokes which precede, complete 
exhaustion. 

When Amphioxus has been kept in the laboratory for a short 
time the anterior half of many animals begins to turn pink and 
in a few days that end may become decidedly colored. This is 
presumably a manifestation of an approaching moribund con- 
dition, although the reactions of the lancelets appear to be 
.practically normal. Observations of a number of Amphioxus 
in this condition led to conclusions similar to those gained by the 
.study of artificially stained animals. 

Referring to the quotations above, it will be seen that the 
views of Rice and of Steiner, although agreeing with mine in the 
main, show some difterences. Rice’s statement that he never 
saw an Amphioxus move ‘tail-end foremost’ is not only con- 
trary to the results given in my tabulation, where nine out of 
fifty observed animals were so oriented during normal swimming* 
but is also not in accordance with Parker’s (’08, p. 431 ; pp. 437- 
440) experiments, in which resting animals stimulated mechanic- 
ally or chemically on the anterior end or mid-body, responded 
with a backward spring. Steiner’s simple statement that 
Amphioxus locoinotes ^das Kopfende voran’ is certainly too 
general and omits entirely any mention of the characteristic 
backward movements just referred to in the criticism against 
Rice. My own observations agree perfectly with Parker’s, 
to the effect that Amphioxus burrows in the sand tail first, but 
his belief, obtained as an inference from this habit, that the 
animal usually swims backward is directly opposed to the con- 
clusion reached by me. 
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It is interesting, howe\’er, to see how near Parker was to the 
real solution of the matter, although it must be said that the 
whole question was not of major importance in his work: thus 
(’08, p. 431) he says: 

When the anterior end of an ainphioxus resting in a siiallow ilish 
of sea water was touched even lightly with the bristle, the animal 
usually sprang backward, thoiigli occasionally forward. The V)ack- 
ward spring was often accompanied l)y a soiuersauU-like inofernent, 
whereby the animal became turned (aid for end. When the stimulus 
was applied to the posterior part of the body, the result was almost 
invariably a forward leap. 

The somersaulting is only in(^n tinned by him in conne(‘tion 
with the backward spring, and this lluivc shown i.s characteristic- 
ally present at the time of reversal to normal swimming, while 
in a forward leap it is unnecessary and is usually omitted. 

The animals mentioned above, which swam slowly for a con- 
siderable distance in a pan of shallow water, afforded an oppor- 
tunity to observe the movements of the body during locomotion. 
The head and tail were bent simultaneously toward the .same 
side; the posterior of all the dexures, which is by far the most 
promment, occurs approximately at the level of the atriopore; 
the next prominent flexure is at about the region of th(^ first 
gonadic pouches but is much less extensive than the former. 
When swimming slowly no other flexures arc evident (‘xcept a 
suggestion of one rather clo.se behind the anterior flexure last 
described. The occurrence of the two largest fh'xures just 
anterior and posterior to the gonadic pouches suggests that these 
pouches materially increase the rigidity of the body throughout 
the region where they occur and thus actually determine the 
position of the major flexures. A.s might be expected, whrai a 
forward spring occurs the first flexure is initiated at tli<“ anterior 
end and muscular activity extends posteriorly like a w'a\^e; 
when an animal leaps backward the rev(>rsc is tru(». 

As regards orientation during locomotion, I thus conclude 
' that while Amphioxus can swim backward for short distances, 
its, normal orientation in continued , ‘swimming is witli the anterior 
end in advance. 
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STUDIES ON THE PHYSIOLOCIY OF RKPH()i:^r( TION 
IN THE DO.MJ'STIO FOWI. 


X. FURTHER DATA OX SOMATK’ A\D (JEXKTK' STKlillJ'I'V* 
MAYXIE R. CURTIS AM) RAYMOM) TKARL 

Some time ago one of the authors (Pearl ’12) ealloil attention 
to the fact that any single record of non-product ioji or low 
production could not be accepted as evidence for the absence 
of the genetic factor for high })rodiiction, since the failure of a 
bird to lay might be due entirely to somatic (physiological) 
causes. Later a detailed (.lescri])tion of two such cases was 
published (Pearl and (’art is ’14). In both of these instances 
the ovarian eggs were formed, but did not enter the oviduct. 
In one case the funnel moutli was too small to admit a full-sized 
mature yolk, and in the other there was an api)areiit lack of 
tone in the muscles of the oviduct and its ligaments. In both 
cases the yolks were ovulated intr) the body cavity and resorbed 
without causing any apparent disturbance in metabolism. 

The purpose of the present pap(M‘ is to na'ord some recent 
observations on other cases of the same general nature. 

MATKinAI. 

On September 1, 1914, there were in the Maint^ St at ioifs 
flock of first-year birds, eight apparently healthy birds which 
had laid few or no eggs, and one which liad laid w(‘ll up to the 
beginning of the breeding season and then stopped laying. All 
of these birds were hatched between April 7 and May 21, 1913. 
Several were from high laying strains. In f)rd<n‘ to d(‘terniine 
if possible the cause of the partial or cmnjjlete sterility, these 
nine birds were killed and carefully examiruHi. d’he o!)s;er vat ions 

M'^apers from tho Biological ]y!iborat(jrv of the M:iinc Agriciilt iir:i! I^xpcri- 
ment Station, Xo. 73. 
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on them confirm and extend our previous conclusions in regard 
to somatic and genetic sterility, and also in respect to the ability 
of a bird to absorb rapidly through the peritoneum yolks dis- 
charged into the body cavity. 


DATA 

Data on the nine cases of partial or complete sterility: are given 
in table 1. From the figures in this table it is possible to com- 
pare the performance record of each individual, both with the 
anatomical condition of the sex organs at autopsy, and with 
her genetic expectation, judged by the performance record of 
her sisters. 


SOMATIC STERILITY 

Birds Nos. 141, 81, 364, and 383 belong to high producing 
families. Not one of them had a sister which laid less than 
thirty eggs before March 1 (Pearl ’12). These birds themselves 
would, therefore, be expected to be good layers. Examination 
of the final columns of the table shows that Nos. 141, 81, and 
364 could not lay for anatomical reasons. 

The oviduct of No. 141 had burst near the upper end of the 
isthmus. In the body cavity was a yellow liquid composed 
evidently of egg mixed with serum. In this liquid were many 
short tubular pieces of egg membrane of approximately the 
length of the portion of the isthmus anterior to the tear. The 
opening in the wall was of such size that it was impossible for 
an egg to pass it. The oviduct on both sides of the tear was in 
normal laying condition. There was a normal egg (a yolk en- 
closed in thick albumen) in the posterior end of the albumen 
secreting region. In the ovary was a series of five normal yolks, 
the largest apparently mature, and seven discharged follicles. 
At the posterior end of the body cavity was an empty collapsed 
egg membrane on which was a thin layer of shell. The perito- 
neum was slightly thickened, so that it was translucent rather 
than transparent. The viscera were normal. The bird was 
evidently in perfect health. 
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An examination of the bird’s egg record shows that she started 
her year with two 2-egg clutches, and a separate egg in October, 
a record not unlike that of many birds which are good layers. 
There were only three eggs recorded after October 26; these were 
scattered; their dates of laying were December 18, February 4, 
and February 15. However, in November the bird began to 
go on the nest daily and the nesting records follow rhythms 
very similar to the rhythm of laying of a good egg-producer. The 
three irregular eggs recorded after October were in rhythms of 
nesting and may have been (and probab y were) errors due to 
an egg having been left in the nest the last time it was used, or 
to the attendant accidentally recording an egg instead of a nest- 
ing record. An accurate determ^iatioii of the time, or of the 
cause, of the rupture of the oviduct is impossible. It seems 
clear, however, that at the time it occurred there must have been 
a completed egg in the lower end of the duct. This egg was 
evidently carried up the duct and through the rupture into the^ 
body cavity by an antiperistaltic movement of the duct, which 
accompanied or almost immediately followed the rupture. This 
egg was evidently resorbed through the abdominal peritoneum, 
leaving the collapsed membrane found at autopsy. The nesting 
rhythm of the bird; the egg and serum mixture containing the 
short tubes of egg membrane found in the body cavity; and the 
normal naked egg in the lower part of the albumen-secreting 
region; all make it seem certain that after the rupture of the 
duct the sex organs passed through their normal cycles and 
that the eggs were formed in a normal manner, so far as the 
rupture of the duct allowed. After passing through the rup- 
ture they were absorbed directly through the general peritoneal 
surface. , . 

Bird No. 81 had the two lips of the funnel tightly fused. In 
order to test this observation the duct was filled with water 
and the union of the edges of the funnel lips proved watertight 
except at one point at the lower angle of the mouth of the ovi- 
duct; through this the water slowly oozed; it was impossible 
for a yolk to enter the duct. Both ovary and oviduct were 
in laying condition. There were small lumps of absorbing 
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yolks among the viscera. In the ovary was a normal series of 
five growing yolks, the largest one mature; there were also three 
discharged follicles. It was apparent that the bird was ovulat- 
ing into the body cavity and resorbing the yolk directly. 

An examination of the egg record of this bird shows nesting 
records in a* rhythm similar to a laying rhythm, and records of 
seven scattered eggs. These eggs occur in the nesting rhythms 
and, as in the case of the scattered eggs of No. 141, probably 
represent errors on the part of the attendant.- 

The peritoneum was slightly thickened, as in No. 141. The 
fusion of the funnel lips may have been secondary, and due 
to peritonitis caused by accidental ovulation into the body 
cavity. However, there wer^ no other visceral adhesions and 
no present evidence of sufficient peritonitis to cause adhesions. 
While it is impossible to say how long the oviduct had been 
closed, at the time of autopsy, at least, there was no possibility 
^for a yolk to enter. 

Bird No. 364 also had the sex organs in laying condition at 
autopsy. In the ovary was a series of five yolks and five follicles. 
Ten centimeters from the mouth of the funnel attached to the 
inner wall of the duct was a cystic tumor the size of a large egg 
yolk. There was no evidence of yolk or egg material in the 
body cavity. The visceral peritoneum, however, was thickened 
as in the birds which had been absorbing yolks. Pividently 
the bird had completely absorbed the yolk (or eggs) derived 
from the ruptured follicles. She had records of three scattered 
eggs, but only one nesting record. .These recorded eggs may 
have been mistakes, but, since the hen was not nesting regularly, 

® The difficulties of getting an attendant to look after trap-nesting operations 
on*a large scale, who will consistently maintain the inaxiumin level of poseible 
accuracy (Pearl ’ll) are extremely great. During the past year we have been 
particularly unfortunate in this respect. While making every effort to do his 
best, the person who operated the trap-nests was psychologically poorly adapted 
to such work, and consequently the records are marred by a number of such 
easily detected errors as those referred to above in the cases of birds Nos. 81 and 
141, and probably by some others not so readily detected. While this is a very 
regrettable circumstance, it really i.s not so serious as it might appear at first 
sight to be, since, after all, the total number of errors in the records is absolutely 
and relatively small. 
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the probability of getting credited with eggs she did not lay 
was much smaller than in the preceding cases. Since the maxi- 
mum diameter of the duct is much greater than a normal yolk 
or the tumor it is possible that a few small yolks passed the 
tumor and became the yolks of normal laid eggs. 

Bird No. 383 when killed was in normal laying condition, 
with an egg in the shell gland and ’a series of five normal yolks 
and four folicles in the ovary. There was no apparent ob- 
struction to egg-laying. The peritoneum was normal and 
transparent. As explained in the footnote to table 1, it is 
probable that three eggs derived from the follicles 6n the ovary 
had been laid on the floor of the pen. The other was still in 
the duct. This Ihrd's production record shows only three scat- 
tered eggs and seven nesting records. At the time of autopsy 
she was apparently in perfect health and capable of producing 
eggs. Why she had failed to lay was not apparent. The idea 
occurred to us that possibly she had been habitually laying on 
the floor. Investigation of the floor egg record for the pen in 
the laying house in which No. 383 had spent the year did not 
indicate that this was the probable explanation. The total 
number of eggs laid on the floor in this pen of 125 birds to Alarch 
1 was 92. This was not higher than the average number of 
uiirecortled eggs for a pen of that size, and was not as high as 
many of the individual birds’ trap-nest records. Also, the 
attendants pick up all birds seen laying on the floor and a habitual 
floor-layer is bound to be discovered in the long run. We must, 
therefore, attribute the failure of No. 383 to lay to some obscure 
physiological condition. 

That there can be no reasonable doubt that No. 383 was 
geiietically a high producer in constitution is shown by a careful 
examination of her complete record in this respect. Her sire 
was cT No, 1)23; all his daughters, which were hatched before 
June I, with four exceptions to be noted below, made records 
before March 1 , of over 30 eggs each • 
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Sire & No. 623 X 9 different $ 9 
UUU ' fUU) I 


Winter production 
Observed 
Expected 


The four birds giving records under 30 laid respectively 26, 
26, 23, and 19 eggs before March 1. These are undoubtedly 
to be regarded as somatic fluctuations from zygotes carrying 
the two factors^ for high winter production (over 30 eggs). The 
bird which laid 19 eggs was not hatched till JVIay 20. 

Bird No. 316 belonged to a small family of which a part were 
high and a part low producers. By her own winter production 
of 55 eggs she had shown herself to be genetically a high pro- 
ducer. After the first of March she began to make many nest- 
ing and a few egg records; the last egg record was on April 21; 
the nesting records continued in normal laying rhythms. 

Autopsy examination showed that there was a cystic tumor 
attached to the inner wall of the funnel mouth which practi- 
cally closed the funnel; the oviduct was in laying condition; the 
ovary had a series of six large yolks and three follicles; there was 
some free yolk in the peritoneal cavity; the peritoneum was 
slightly thickened. 

It was evident that this bird was normally a high producer, 
which had gradually developed a cystic tumor. -This had at 
hrst hindered and finally prevented the entrance of yolks into the 
duct. From that time on the bird had gone through the normal 
laying cycles, ovulating the yolks into the body cavity and 
absorbing them. 

Bird No. 458 belonged to a family which included both high 
and low producers. At autopsy the ovary was walled off from 
the rest of the viscera by a large peritoneal pocket which was 
attached to the dorsal body wall on all sides of the ovary. The 
pocket was bulging with the contained ovary and a considerable 


Over 30 Under 30 Zero 

28 4 0 

32 0 0 

plus No. 383, the abnormal bird under 
discussion 


* Li and Li of our former notation. 
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amount of free yolk. A little yolk was oozing through a small 
hole at the midventral angle of this pocket. There were a few 
small lumps of yolk among the viscera. When the pocket 
was opened and the free yolk wiped out the ovary was found to 
be in .normal laying condition. It contained a series of four 
growing yolks, the largest mature, and seven resorbing follicles. 
The oviduct was in laying condition. 

At the time* of autopsy, then, this bird was ovulating into the 
ovarian pocket and absorbing the yolks. The rate of absorption 
was evidently not equal to the rate of yolk formation. In 
consequence the pocket was stretched to its capacity and had 
given way at one point, allomng a little yolk to escape into the 
body cavity. 

The egg record of this bird shows neither eggs nor nesting 
records until December 22. From then on until the end of the 
year the nesting records follow a rhythm similar to a very slow 
laying rhythm. There is one egg recorded on February 2, a 
normal clutch of three on March 13, 15 and 17 and a single egg 
again on May 26. While it is possible that records of all these 
eggs are mistakes due to causes discussed in reference to the 
egg record of No. 141, it is probable that at least the record of 
the normal clutch in March is authentic, as the errors considered 
would hardly have resulted in this sort of a record. It seems 
probable that the pocket was neither congenital nor formed 
complete at once but that during its growth it first hindered and 
finally prevented the entrance of yolks into the oviduct. 

In any case, the immediate cause of the partial sterility 
exhibited is somatic, in the sense that it is not “directly con- 
nected with or related to the genetic constitution of the bird in 
respect to fecundity. 

Bird No. 431 represents a case of somatic steri' ty of a different 
sort from those so far considered, in that the difficulty was not 
primarily with the genital organs. This bird had a crippled 
back which interfered with the normal use of her legs; she was 
in poor flesh; she had never been in a trap-nest either to lay or 
nest. At autopsy the sex organs were in strictly non-laying 
condition. There was no visible obstruction between the ovary 
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and oviduct. It is, however, improbable that the physiological 
tone of the bird had ever been sufficiently goo(f to allow the 
formation of yolk. Genetically the bird might have been 
either a good or ^ poor layer. 

GENETIC STERILITY 

Bird No. 349 belongs to a family in which are individuals 
with, and individuals lacking, both facl^brs for high fecundity. 
At autopsy this bird was in laying condition, with an egg in the 
oviduct and a series of five growing yolks and four discharged 
follicles in the ovary. Two of the three eggs recorded wTre 
laid respectively on the day of death and the second preceding 
day. These two eggs and the one in the duct account for three 
of the four follicles. The other may have furnished the yolk 
for a floor egg, explained as in the case of No. 383. There was 
no yolk in the body cavity; the peritoneum was normal. This 
bird had made no nesting records. Whether this bird was the 
extreme of genetically poor layers or whether her sterility w%s 
due to somatic causes too subtle for detection by rough autopsy 
examination is impossible to state absolutely. The probability, 
however, is extremely great that this bird genetically carries 
only Li or L 2 — that is, has only one dose of any of the factors 
on which production depends. This is evident from the follow- 
ing considerations : 

Sire cf No. 627 X 9 different 9 9 

^fUL^ ■ SkQ I 


Winter production Over 30 Under 30 * Zero 

Observed 10 13 1 (+No. 349, the bird under 

. discussion 

Expected 9.6 12.8 S.2 

Now the dam of No. 349 was No. 303 J, whose genetic constitu- 
tion was /L 1 L 2 . flihj with a winter record of 23 eggs, and a record 
for the year of 79 eggs. Absolutely the most likely result of 
mating such a bird with a Type 4 male, where, as in the present 
case, there is only one in the family, is a bird which will make a 
winter record under 30 — that is, one which carries but one dose 
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of cither Li or The record of 1 egg for No. 349 on January 
26 would, on a strictly literal interpretation, put her in the 
‘under 30’ class. It seems clear, however, in view of the rest of 
her record, and of the fact, already repeatedly pointed out, that 
March. 1 does not represent biologically the absolutely invari- 
able time of beginning of the spring cycle of production, that she 
is really a zero winter producer. From a mating like that of 
cT No. 627 X 9 No." 303 J one zero producer in every eight 
offspring is expected. 

We may next consider the case of bird No. 249. This indi- 
vidual had no full sisters. The nature of the mating from which 
she was produced is shown by the following pedigree. 

Sire cf No. 628 X U different 9 9 
UUU • j'hU) \ 


Win! cr production Over 30 Under 30 Zero 

)bsorvo<l 21 2.5 4 (+Xo. 249, the bird under 

discussion) 

Expected 19.15 ^.98 5.83 

In addition to the abo\T, & No. 628 had four other daughters, 
by three different females, which, because of the smallness of the 
families and for other reasons, cannot be exactly classified 
genetically. These four birds were all in the ^over 30’ class. 

We have classified No. 249 here as a zero winter producer 
because all of her 9 eggs were laid between February 24 and 
March 26. Further ^ all of the seven nesting records occurring 
during the early spring suggests tliat she is the extreme of the 
low producing segregates. It has been elsewhere pointed out 
that March 1 does not mark biologically a fixed limit of the winter 
cycle. Home birds, of which No. 249 is undoubtedly an example, 
begin their spring cycle a short time before that date. 

Furthermore, the dam of No. 249, which was bird No, 436 J, 
was of constitution with a zero winter record, and a 

record for the year of 24 eggs. Such a bird, mated with a male 
like No. 628, should give one in every four daughters a zero 
producer. 
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The autopsy findings were in accord with this expectation. 
The sex organs were in a condition intermediate between laying 
and non-laying condition; no anatomical obstruction to egg 
laying was observed; there was no evidence that ovulation had 
taken place into the body cavity. 

The case of No. 249 is to be regarded as one of nearly complete 
genetic sterility. 

DISCUSSION 

In the present discussion the term 'somatic sterility’ is used 
to distinguish obstructions to egg-laying due to accidents or 
disease affecting the individual, ^nd not (so far as we have any 
right to infer) inherited from her ancestors. A distinction is 
made between sterility due to these causes, which may include 
not only actual obstructive lesions of the genital organs, but 
also a general lowering of the physiological tonus of the individual 
to such an extent that it does not form yolk, and sterility due to 
a lack of the genes for egg-production. ^ 

The preceding paragraphs show that three of the four birds 
which belonged to high laying strains and which did not fulfill 
the expectation, based on a knowledge of their genetic constitu- 
tion, failed because of the impossibility of a yolk entering the 
oviduct. Two other birds belonging to segregatiifg families 
(one of these had proved herself a high producer by her own 
winter record) showed the same reason for not aying. 

Another interesting observation is that four of the hve birds 
known to be ovulating into the body cavity because of some 
obstructions, to the mouth of the oviduct nested in rhythms 
comparable to the laying rhythm of normal birds. One of the 
authors (Pearl T2) has already published a similar record of 
another 'zero’ bird belonging to a high laying line. There are 
now several similar records on file. He called attention to the 
fact that it has been experimentally shown at this laboratory 
that in cases of ligation, transsection or entire removal of the 
oviduct without injury to the ovary the 

* * * * bird goes regularly througii the entire process of fay- 

ing save for extrusion of an egg which is physically impossible. The 
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‘n' (nesting) record of sueli a Inrd is precisely like a normal egg record 
showing the same plienoinena of rhythm and cycles. Each day’s 
‘n’ ill the record of such a bird represents an egg which she ’would have 
laid, had she been physically capable of doing so. 

We have later shown (Pearl and X(urtis ’14) that in all cases 
of surgical interference with the oviduct the ovary passes through 
the same rhythm as in unoperated birds. In such cases the 
formation of the egg proceeds as far as the obstruction to the 
oviduct. 

The whole body of evidence is now so convincing that we can- 
not escape the conclusion that nesting records are, in the gi-eat 
majority of cases at least, associated with ovulation into the 
body cavity, or the backing into it of a partly or fully fomied egg. 

Patterson (10) stated that “the stimulus which sets off the 
mechanism for ovulation is not received until the time of lay- 
ing (in cases where birds are laying daily) or shortly there- 
after.” He bases this assertion on the fact that before the 
laying of the egg the oviduct is inactive, but “shortly after 
laying is in a state of high excitability with the infundibulum 
usually clasping an ovum in the follicle.” 

. In view of the results set forth in No. VIII of these Studies, 
and in the present papeH it would appear probable that the con- 
nection, i^there is any connection, between the instinct to nest 
and to lay (i.e., to expel the completed egg) and ovulatioii is the 
reverse of that implied by Patterson. Since birds which entirely 
lack an oviduct (Pearl and .Curtis ’14) and therefore cannot by 
any possibility lay an egg, still ovulate perfectly well and in a 
normal rhythm, egg-laying cannot very well be the stimulus to 
ovulation, as implied by Patterson. The explanation which 
accords best with our present knowledge is that the instinct 
to nest and to lay is the normal but not absolute (for example, 
note that No. 364 was ovulating into the body cavity and not 
nesting) resultant of ovulation, even in cases where the yolk 
does not enter the oviduct. 
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SUAIMAIiy 

1. Birds which are hereditarily high layers may fail to make 
good performance records because for some anatomical reason 
it is impossible for yolks to enter the oviduct. 

2. Birds which ovulate, or return partly-formed eggs, into the 
body cavity usually show the nesting instinct. 

3. The nesting records show a rhythm similar to egg records 
of normal birds arid it seems probable that they are the normal 
resultant of the ovulation. 

4. Data given in this paper also confirm the following state- 
ments made in a recent paper (Pearl and Curtis T4): 

a. In case of stoppage of the duct at any level, the duct on 
both sides of the point of stoppage passes through the same 
cyclic changes, coordinated with the cyclic changes in the ovary, 
as a normal unobstructed duct. The duct functions only as 
far as it receives the stimulus of the advancing egg. 

b. Absence of pressure from the funnel does not prevent or 

apparently greatly retard ovulation. Increased internal pres- 
sure may therefore be the most important factor in normal 
ovulation. . 

c. Yolks of partly or fully formed egg^^ay be absorbed rapidly 
and in large numbers from the peritoneal surface wiliout caus- 
ing any serious derangement of normal metabolic processes. 
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BRISTLE INHERITANCE IN DROSOPHILA 
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SIX FIGURES 

The four bristles normally found on the dorsal surface of the 
thorax of Drosophila ampelophila form a rectangle. The extra 
bristles studied in the following experiments occur in the two 
longitudinal rows of the normal bristles, or just mediad or 
laterad to these rows. Figure 1 , showing some random patterns 
of bristles, gives some idea of the different arrangements possible 
for the most common numbers of extra bristles. These. patterns 
were drawn free hand, since the overlapping of the bristles 
prevented the use of a camera. The drawings are not exact, 
but the relative positions in the two rows are sufficiently accurate 
to indicate that it would be practical* y impossible to make more 
than a roughly approximate classification of flies according to 
patterns, even if a very large number of standard patterns were 
established. There appears to be no position in the two rows 
that may not be occupied by an extra bristle, thus making it 
impossible to develop any satisfactory homologies. This is 
especially true in the higher grades. For these reasons the best 
method seems to be recording merely the numbers of extra 
bristles. As will be seen, the results based on the data of bristle 
numbers shows very plainly that any attempt to obtain and use 
data of patterns of extra bristles would be futile with the present 
cultural methods. 
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All matings described below were made in pairs. The vir- 
ginity of the females mated was determined by the pale pig- 
mentation which deepens when the cuticula hardens a few hours 
after hatching. Accurate pedigrees and daily records of the 
sex and bristle number of each fly observed are on file. The 
results presented in this paper are based ,on 350 pedigreed 
matings and bristle counts of over 54,000 flies. , 

(Jrateful acknowledgment must be made of the assistance 
rendered by Prof. T. H. Alorgan in suggesting that the extra 
bristles found at times among his flies might form suitable 
material for the problem the author had in mind, and also in 
sui)plying numerous stocks of flies for observing the frequency 
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FIk- 1 Kiliuloiii bristle patterns showing some of the anansementa possible 
for the most eoiiimon numbers of extra bristles.. The numbers indicate the 
numbers of extra bristles in the patterns following. 

THE ESTABTJ8TIMENT OF THE RACE WITH EXTRA BRISTLES 

The flies which gave rise to a race of Drosophila ampelophila 
having extra bristles on the thorax were found in a stock of wild 
flies that had been naught at Woods Hole in 1912 and bred in 
mass cultures for a year in Professor Morgan^s laboratory. 
This stock had ne^Tr been mixed by crossing, and in working 
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with the flies there has been found no reason to suspect acci- 
dental contamination. Flies with extra bristles were occasionally 
found in this stock. Their frequency is shown in table 1. Vari- 
ous other stocks were examined and extra bristles were found in 
smaller numbers. 


TABLE 1 


TABLE 2 


in i^arions stocH 


Extra bristles found 


STOCK 


Woods Hole wild. 

Falmouth wild 

Edgewater wild. . 

Cherrj" ^ 

Vermilion ; . . . 

Black. 

Orange 

Peach 

Bow 

y Balloon. 

White head. ; 

New York ’12 



891 

17: 20 4 

2 434.8 

442 

3 

30.6 

474 ^ 

2 

20.4 

266 


1 31.1 

163 

2 

21.2 

80 


0 

183 


0 

263 


0 

123 


0 

189 


0 

142 


0 

3892 

46: 3 

491.2 


Percentages of 7ior- 
mals in successive 
i fibred generations, 
selected for in- 
crease in bristles. 




1st 

2nd 

3rd 

4th 

5th 

6th 

7th 

8th 

9th 

10th 

nth 


210 
7139 
2380 : 
1503 I 
1819 ! 
2780 i 
5833 ^ 
2343 I 
1690 i 
2479 i 
2859 I 


44.9 

10.0 

3.1 

2.1 
2.8 
0,9 
2.6 
0.8 

1.4 
1.9 

3.4 


From the Woods Hole 1912 stock a male with one extra bristle 
was mated to a female with two extra bristles. Of their off- 
spring 55.1 per cent had extra bristles. Thirty-three matings 
of first generation flies with extra bristles resulted in an F^ with 
90 per cent extra bristles. The subsequent generations pro- 
duced by inbreeding brothers and sisters in pairs gave higher 
proportions of extras (table 2)\ One might suppose that the 
occurrence of normals in the later generations indicated impur- 
ity; but in spite of being normal in regard to the group of bristles 
selected for observation, these flies frequently show extra bristles 
on other parts of the thorax, and, further, there will be presented 
evidence indicating that such normal appearing flies may pro- 
duce all extra children; in other words, that other than genetic 
causes may prevent the development of potential extra bristles. 
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To test the stability of the extra race further, three mass cul- 
tures were started from the 4th and 6th inbred generations and 
have been carried along from bottle to bottle with no further 
selection. Occasional counts have been made of these cultures 
and it has been found that the extra bristles have been retained. 
Table 3 shows the per cent normals in mass counts. It is evi- 
dent that there are more normals in some cases in these mass 
cultures than in the inbred lines, but these normals are more 
than likely potential extras whose greater frequency is due to 
the fact that in mass cultures there are larger numbers of flies 
which are smaller on account of the crowding. It will be dem- 
onstrated later that there is a relation between the size of the 
fly and the number of extra bristles. (See the discussion on 
the influence of environment). 

IXHEUITANX'E 

1. THE FACT OF INHERITANCE 

That a race of flies constantly bearing extra bristles has been 
established, indicates in itself that the extra bristles are inherited. 
To show that this is not pseudo-inheritance, due to certain con- 
stant environmental conditions, a stock of wild flies caught in 
New York has been carried along under the same conditions as 
the mass cultures of the extra stock, and for a few generations 
this wild stock was bred in separate pairs as were the inbred 
selected lines. A small percentage of extras was found in this 
wild stock (tables 1 and 4) but this did not increase in time, 
nor did the progeny of separate pairs show my higher pro- 
portions of extras. Conclusive evidence that extra bristles are 
inherited and not primarily due to environment is afforded by 
crosses, which show also the mode of their inheritance. 

2. THE KIND OF INHERITANCE 

The wild stock New York 1912 was found to have fewer 
extras than any other wild stock examined and so from this stock 
normal flies were selected for several generations to attempt to 
reduce the percentage of extras, A preliminary set of four crosses 
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TABLE 3 


TABLE 4 


Occurence o/ normals in three mass cultures 


MASS 

CULTURE 

MONTH 

COeXTBD 

SI a 
a £ 

: 

2 « 1 

Ej t 

“i ^ 

V 0 ' 

a Sc ;■ 
c. 

MASS 

CULTURE 

a a; a^t . 

H a < m P'u 

^ ’A ' r O a 
» A a. 

106B 

Oct. 

67 I 

0 i 

176 

10.184502.6 


Nov. 

107 

0.9 ii 


12.5014324.4 


Dec. 

391 

2.0 


12.12! 952.1 


; Jan. 

251 

5.1 


]2.28|1521.3 


■ Feb. 

84 

3.5 i 


1.134938.8 


; Mar. 

138 

4.3 f 


1.22| 902.2 


i May 

233 ; 

2.5 !i 


; 4.14il801.l 

105B 

, Total 

; 1304 

3.6 s: 

105Bi 

! 12,90|l560.6 

176 

: Total 

1375 

3.1 


1 1.12567.1 

105Bi 

Total 

394 

2.5 ji 


i 4.14il671.8 


Three generations of 
selection by pairs of 
normal' New York 
stock to reduce the 
numbers of extra 
bristles and test the 
influence of mating 
by pairs on the num~ 
bers of bristles. 


V- I a 

0 p -UOUNTED 

S y' “ 

1 |u No 3. extra 



'I -i 

1st 198|227i3 
2nd 214265 2 


2nd;218'584 9 ; 
2nd |219'290 5 j 
2nd|220262 9 I 
3rd 1241 220 1 | 
3rd 1242245 7 I 1 


3rd ;255- ll! 


between extra females from the first inbred generation, and 
normal males from the unseleeted Now York 1912 stock, showed 
in general a dominance of the normal, although less than .5 per 
cent extras were found. These extras were always of very low 
grade, + 1 (one extra bristle), while the corresponding inbred 
generation of extras showed a range up to +7 (seven extra 
bristles) and a mode at + 2. If extra bristles were supposed 
to be due to environmental conditions it would be difficult to 
account for their general disappearance in this generation. 
In the following generation, Fa, the extras appear in proportions 
approximating the simple Mendelian ratio, although the nbrmals 
are somewhat more numerous than expected. The extras that 
appear in F 2 include higher grades (table 5A) . 

A second set of crosses between extras and normals, after each 
race had been selected for a number of generations, was made. 
The extras used were from the 9th and 10th generations of in- 
bred selection; Ih every cross the dominance of njrmal was 
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clear, although a few extra flies appeared in F]. Among 1419 
Fi flies, 12 had one extra, 3 had two extra bristles. Sixty-five 
pairs of normal Fi flies were mated. The total counts for their 
children are 8421 normal, 2499 extra, which give a ratio of 3.3:1. 
(table oB). As in the previous crosses there is a practical 
incomplete dominance in Fi, whatever theoretical explanation 
may be given, and in F 2 the numbers of extras are a little too 
low, yet there can be no question that this is clear evidence of 
the existence of a Mendelian factor that influences the number 
of bristles. 

To test for sex linkage, five of the above crosses were made 
with extra males and three were made with extra females. In 

TABT^E 5 


Giving the results of crosses between extra bristled parents and normals from wild 
stock {Ne^o York ^12) 

A — Extra, bristled parents from the second inbred generation 
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both types of crosses the children showed dominance of the 
normal, and all grandchildren gave the same general ratios of 
normal to extra. Moreover, the distributions of these ¥2 extras 
were similar in the two types of crosses (table 9 and figure 4). 
This is enough to indicate that there is no sex linkage involved. 

3. MODIFICATION OF THE DISTRIBUTION OF EXTRACTED EXTRAS 

In comparing the distribution of the extra bristles in the F 2 
of the above crosses with that of the extra bristles in the selected 
race of the corresponding generations, a marked difference is 
observed. This is sho\vn in figure 2. In these curves the males 
and females have been put together and the normals occurring 
in the inbred have been omitted, since corresponding normal 
appearing flies in the F 2 of the crosses could not be separated 
from the genetically normal flies. The data have been plotted 
on the basis of 500 in each curve, to facilitate comparison. In 
general the distribution of the extras appearing in the Fa of a 
cross is lower than the distribution of the corresponding gener- 
ation of uncrossed extras. The mode of the extracted extra 
bristles from the first cross is at +1, although the frequency of 
-h 2 is nearly as great; the mode of the second selected gener- 
ation is at + 2. In the later crosses, the mode of the extracted 
extra bristles is at +1, and the mode of the tenth selected 
generation is at +3. 

With these curves in mind it will be well to compare the ex- 
tracted extras from flies crossed before continued selection, with 
the extracted extras from flies crossed after selection. It is 
readily seen that the extracted curve from the later crosses is 
strikingly higher than that from the first crosses. The range 
is much higher; but the mode is still at + 1, even more promi- 
nently so than in the first case. The standard deviation in the 
finst set of extracted extras is .095 =*=.017, that of the correspond- 
ing inbred generation is .863 ±.005. In the later crosses standard 
deviations are as follows: extracted extra, 1.329 ±.018, inbred, 
1.402 ±.021 (table 6). It appears to be a very definite fact 
that the modification of the distribution of extra brfstles by 
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P ig. 2 C omparisons of the distributions of inbred and extracted extra bristles 
in corresponding generations, bippcr curves, selected inbred* of the second 
generation (broken line) and extracted extras before selection (solid line) ; lower 
curves, selected inbreds of the tenth generation (broken line), and extracted 
extras of the corresponding generation after selection (solid line). 


crossing becomes more marked when parents are selected for 
several generations before being crossed, yet this is not accom- 
panied by any increase in variability. 


4. summary 

It has been shown that the normal number of four bristles 
is dominant to the extra bristled condition; that the simple 
Aleiidelian ratio of 3 : 1 is closely approximated; that no sex 
linkage is involved. Further, it has been shown that the flies 
having extra bristles in the Fo of a cross have a distribution 
loMTor than that of the selected flies of the corresponding gener- 
ation, and that this difference is more marked when extra bristled 
flies are (*rossed that have been selected ^or nine generations 
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TABLE fi 

To compare the means and the variahilitij of extra bristles that appear after n cross 
with those in correspojiding generations of the ‘extra race. 



MEA.N8 

: NDMBER6 

STAKD.<BD 

DEYIATIOM 

Extracted Extras (Gen. 2) 

1.665 

377 , 

0,095:±=0.017 

Inbred Extras (Gen. 2) ' 

1,921' 

; 0418 

0.863 ±0.005 

Extracted Extras (Gen. 10) 

2 3:15 

2499 

1.329*0.018 

Inbred Extras (Gen. 10) 

3.229 

j 981 ; 

1.402*0.021 


than when flies of the first selected generation are crossed. The 
variability of the extracted extra bristles is slightly less than 
that of the corresponding inbred generation. 

5. DISCUSSION 

The interpretation that seems most simple to apply to the 
above facts is that there is a positive restricting factor present 
in the wild fly that prevents more than four bristles from develop- 
ing. Although the extra race has something added somatically 
to it, genetically it has lost a restricting factor. Now this 
condition of extra bristles seems not to be phylogenetically new, 
as studies on the chaetotaxy of related flies suggest. The 
mechanism that is most concerned must have appeared when 
Drosophila ampelophila arose, or before, so the extra bristles 
are not formed by the origin of a new mechanism, but rather 
by the removal of the restriction of the more recent mechanism. 

THE SELECTION PROBLEM 

The main problem to which the preceding experiments have 
been contributory, has been the attempt to throw some light on 
the question of selection as a formative process in evolution. 
The attempt has been made to increase the numbers of thoracic 
bristles as much as possible by selecting and inbreeding. Ac- 
cordingly, after the first pair that came from wild stock, high 
grade brothers have been mated to high grade sisters. In the 
following account the first eleven generations of this process 
will be described. 
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1. DO HIGHER GRADE PARENTS PRODUCE HIGHER GRADE 
CHILDREN? 

To show what basis there may be for selection to progress, 
comparisons have been made of children from high and low 
parents from the same grandparents. All the matings in Fi 
can be used for this purpose, as all the parents were sibs. Curves 
showing the 35 Fo fraternities were plotted, but they were too 
numerous for publication. The children from parents of like 
grades have been grouped together. Table 7 shows the aver- 
ages of the males and females, the numbers of flies and of families 
involved in the various types of matings. No increase in the 
means is found that directly corresponds to the increase in 
parental values. However, in grouping together children from 
parents with one or two extra, and comparing them with children 
from parents with three or four extra, the higher group has, in 
general, higher means. The low means of the one 4 : 4 mating 
involves too few individuals to make a serious exception. In 
the second generatiou there seems to be a basis for some effective 
selection. 

Similar comparisons can be made in the lateF generations. 
Seven families in F 4 came from the same grandparents. Thirteen 
of the parents were + 5 and one, + 6 . Here is a case where 
the parents are closely alike and one would expect the children 
in the different families to be closely alike. The curves and the 

TABLE 7 

To shoxc the rehtionship beiivcen ike groAes of the parenls and the means of their 
children in the second selected yeneraiion 
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2.05 
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4 

2 

1.94 

2,39 
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4 

4 

1 

1.61 

1.9S 

33 
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averages (fig. 3 and table 8) show that this is not the ease. The 
averages for females range from +2.83 to +4.05. This set of 
families gives some idea as to how much variation is possible 
when the grandparents are brother and sister and the parents 
all sibs of the same grade. 

In Fe are two sets of cousins. In one group are five families 
(fig. 3B), grandchildren of 115, with parents of various grades. 
Considering the female averages (table 8B) it is seen that the 
parental sums of 7, 8a, and 12 give similar filial averages, whereas 
the parental sums of 8b and 14 give higher averages, (’on- 
sidering the males, parental values of 7, 8b, and 12 give similar 

TABLE 8 


Six groups of cousins. In each group the parents are sibs; grades of parents and 
means of offspring arra7}ged according to the sums of the parents’ grades. See 
figure 3 
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i'ig. 3 Six groups of cousins; in each group the parents are sibs. Solid lines 
are females, broken lines males. The parents are indicated by squares (males) 
and triangles (females) above the curves of their children. The fractions follow- 
ing the nmnbers of the mating indicate the grades of the parents. The numbers 
of males and females involved in the curves are given at one side. A, grand- 
children of no, 56, in the 4th generation; B, grandchildren of 115, in the 6th 
^Deration; C, grandchildren of 116,. in the 6th generation; D, grandchildren of 
143, in the 7th generation; E, grandchildren of 246, in the 10th generation; F, 
grandchildren of 274, in the 11th generation. 
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averages, 14 a little lower, and 8a much lower. In the second 
group of families in Fs (fig. 3C and table 8C) female averages 
from parental sums 7, 8, 14a, and I4b arc similar, whereas 
those from sums 9 and 11 arc a whole bristle lower. The male 
averages for parental sums 7, 8 and 14b are similar while those 
from 1 1 and 14a are lower, and from sum 9 a whole bristle lower. 

In F; is a set of cousins consisting of four families (table 8D 
and figure 3D). In this group the low parental sum has the low 
male and female averages, whereas sums 11 and 14a and 14b 
arc much alike. In Fio there is a group of cousins in four families 
(table 8E and fig. 3E). The female average for parental sum 
12b is considerably larger than th^ for the sum 10, yet the 
female average for the sum 12a is about equal to that for the 
sum 10. Parental sum 11 has the lowest male and female aver- 
ages. Ill Fii a group of four families (table 8F and fig. 3F) 
shows averages for parental sum 11 that are above averages 
for 10 and r2b. Parental sum 12a has averages much below 
any of the other families. This study of averages' must be 
followed by careful observation of the figures referred to above, 
which show the frequency distributions of each of the families 
that has been considered. These curves have been plotted so 
as to enclose in each polygon similar areas,* to facilitate com- 
parisons. The actual numbers of flics are given both in the tables 
and the figures. 

Further data bearing on the question of the relation between 
the grades of p^irents and children is to be found in the series 
of curves representing inbred lines tbrougli single matings (table 
11 and fig. 6). One case must be especially emphasized. The 
last generation, No. 216, in the series beginning with No, 18 
(fig. 6 A) was produced by flics with no extra bristles. This 
generation which follows seven selections has a higher distribu- 
tion than the preceding ones which were from high grade parents. 
There are no normals from these normal parents, and no females 
with less than two extra bristles. This extreme case is in ac- 
cord with all that has been found in regard to the independence 
of the parental and filial grades. This is further borne out by 
these inbred lines in the comparison of parents and children in 
successive generations. 
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So the general conclusion seems to stand, that after the first 
few generations there is no close relationship between the grades 
of the parents chosen and the grades of the children. This 
appears to mean that in regard to extra bristles the flies in later 
generations do not differ genetically from each other; that in 
the* later generations the variability in the number of extra 
bristles is due mainly, if not entirely, to conditions outside the 
germplasm. A further test of this would be to cross with normals 
flies with many extra and flies with few extra bristles and compare 
the results in the second generations. If the difference between 
the many and the few extra brislles be due to genetic factors, 
this would be shown in the Fo of the crosses. Data is given that 
shows the distributions of extracted extra bristled flies from 
crosses of high and low extras with normals of a different race. 
To avoid any complication that might arise from not consider- 
ing sexual differences, and at the same time to find evidence 
in regard to sex linkage, four types of crosses with wild flies 
have been made: high and low males, high and low females. In 
table 9 the data are arranged to facilitate comparisons between 
males and females of like grades, but by comparing alternate 
lines the relations between high and low grades are clear. The 
ratios and the distributions are practically alike in all cases 
(fig. 4).‘ In order to make the curve for high males, including 
over 800 individuals, more easily comparable with the others, 
these data were plotted on the basis of 600. 

In conclusion, comparisons of families in the second generation 
of inbreeding show a tendency for higher parents to produce 
higher children, but this is not found in the sixth or subsequent 
generations; in single inbred lines there is found singular inde- 
pendence of the parental and filial grades, seemingly normal 
parents being able to produce all extra children; by the analysis 
of crosses it is found in the ninth and tenth generations that, 
as should be expected from the foregoing statements, high and 
low bristle grades are genetically indistinguishable; that the 
variability found in the late generations is apparently not due 
to genetic factors. 
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TABLE 9 

Showing that low ond high grades of extra bristles give the same results when crossed 
unth wild normals; also that reciprocal crosses show that no sex linkage is 
involved 

Fl Fj j RATIO 


Fl 

nor- . 
mal * 

2 normal 1 2 3 j 4 5:6 7 

8 

INOKMAL 

1 TO 

9 [ BXTR-A 

Low X Wild 9 9 ... . 341 2 

1756 156 147 ^ 98 57: 37 , 5 3 


1 1 3.4:1 

Low 9 9 X Wild ci^o"... , 437 3 i 

2 1841 188 159 1191 48 331 10, 4 


i 2.8:1 

Uiglf X Wild 9 9 .... 282 4 i 

. 1 : 2870 307 223:183: 89; 38 13, 4 


3.3:1 

High 9 9 X Wild d^cT..., 203 

1954 1921166109; 64 33 6 ^ 5 1 


13.3:1 



Fig. 4 Extracted extra bristle^ appearing in Fo of reciprocal crosses of high 
and low grades of extra bristles with normal wild, showing that there is no facto- 
rial difference between the high and low grade extras crossed. 

2. RESULTS OF SELECTION 

a. Total generations 

On the basis of the conclusions just reached, we should expect 
to fin® selection effective in the first few generations and later, 
ineffective. Data will be presented to show the results of 
selection in the form of curves for total generations and for single 
lines. Owing, to the difficulty of obtaining high grade females 
that were unquestionably virgin, the most rigid selection was 
not always possible, so that even in the later generations some 
matings were made of low parents. In order to avoid the 
possibility of hiding a real increase in the offspring from high 
grade parents by including the offspring from low grade parents, 
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the children having either parent below certain grades were 
omitted. Along with these were excluded all flies whose grand- 
parents or more remote ancestors had been excluded. This 
reduced the numbers in the total generations very considerably, 
and this is especially so in the latest generations. In these 
resulting curves the parents of each generation are included in 
the curve of the preceding generation. In figure 5 the curves 
have been plotted in such a way as to include similar areas, al- 
though representing different numbers of individuals* •'For 
this reason the numbers of males and females included are put 
down beside the curves. The solid line represents females; 
the broken Une, males. ^he small curves between the larger 
ones in each case represent the parents selected from the gener- 
ation above, to produce the generation below. 

Discussion of the curves for total generations. The original 
parents selected from wild stock were a male with one extra 
bristle (+1) and a female with two extra bristles (+2). Their 
children are represented in the first pair of curves. The large 
number of normal flies in this generation 44.90 per cent is due 
to the fact that the mother was not virgin. Disregarding these, 
the male and female modes are at +2. In the following 
generation the modes remain at +2 but the upper limit of the 
range goes up from +4 to +7. The flies chosen as parents 
from this generation, range from +2 to +7. In the third 
generation the modes are still at +2 but the male curve has 
moved a little higher and the female curve is markedly above 
the male. This is clearly seen by comparing the areas of the 
polygons above the vertical line drawn at +2. The flies chosen 
from this generation range from H-4 to +7. In the fourth 
generation the female mode is raised to +3 and a clear advance 
is shown by the whole curve. Although the male mode is still 
at +2, the proportion of -f 1 males has decreased and the pro- 
portions of -fS.aud -h4 have strongly increased. In the fifth 
generation the male curve has increased its range over the pre- 
ceding generation but as a whole has fallen back a very little. 
The female curve has a much increased range, and a slight sag 
above the mode, otherwise no change. In the sixth generation 
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the male mode still holds to +2 but the proportion of +3 flies 
has grown to nearly equal the mode. The proportions of +4 
and +0 flics have also increased although +5 is the limit. The 
female mode is actually at +5 but the expected mode is easily 
seen to be at +4. So far the progress and increase has been 
steady and unquestionable. The following five generations do 
not show any such advance. In generations seven, eight, nine, 
and ten the male mode remains at +2 and the proportion of 
+3 him is very slightly less. In the eleventh generation the +2 
and +3 males are equal, however the proportion of -hi flies 
has greatly increased in this generation, so this does not mean 
any general ad^'ance. The female curves have modes at +3 in 
the 7th and 8th generations, with +3 nearly as high. In the . 
last 3 generations the female mode is at 4 . and the curves are 
in general of the same kind. 

To show what parents were used in the different generations 
more clearly than can be done by the curves, their distributions 
are shown in table 10. The averages of the parents are given 
in two columns at the left and the averages of their children 
are in two columns towards the right. This table gives a clear 
summary of the progress of selection. The averages of the 
children, males and females, show increase up to the sixth gener- 
ation, when minor fluctuations appear seemingly without any 
significant change. 

If the variability in the last five generations be amenable to 
selection, a gradual decrease in the standard deviation would 
be expected, even though some hypothetical physiological 
limit prevented the means and modes from advancing as before. 

Fig. 5 Eleven generations of selection. Original parents indicated by a 
square (father) and triangle (mother) above Fi broken lines, males; solid lines 
females. The flies chosen as parents are arranged in small curves above the 
curves of their children. In generations 8 and 9 the male parents were all grade 
5 and are represented by a square the proper distance from the base line. A 
finely dotted line means males and females together. The curves are plotted 
in such a way as to include like areas, so the numbers of individuals included are 
given at the side of each curve. The upper limits are in some cases dra^n on the 
base line to show that such extremes appearedj although in too small numbers 
to form a whole unit in plotting. 
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But the standard deviations show a gradual increase while 
selection is effective according to^the curves and the means, 
and when selection has seemingly become ineffective, the stand- 
ard deviations fluctuate, but do not show a gradual decrease. 

h. Single lines 

The most immediate facts are presented in the form of the his- 
tory of five inbred lines through single matings, as shown by curves 
in figure 6, A, B, C, D, E. The grades of the parents selected 
from each generation are indicated below the curve of their ov/n 
fraternity and above the curves representing their offspring. 
Squares are the males; triangles are the females. Four of the 
lines start from the same pair of first generation flies. The first 
two generations which are common ancestors of all four lines, are 
represented in only one set of curves. The parents of families 
Nos. 87, 71 and 88 are all sibs in family No. 56. The parents 
of family No. 116 come from family No. 88. The line headed 
by family No. 17 starts with a different pair of first generation 
flies. As the liistory told by these curves is clear it does not 
seem necessary to discuss each set of curves in detail as has 
been done for the total generations. In Table 11, A, B, C, D, E, 
the means for these curves arc given. These curves give the 
clearest picture of the basic facts. Clear progress is shown in 
the first five or six generations. In each line are. differences 
counter-balanced in the total generations, yet in no case do these 
differences modify the general conclusion drawn from the staidy 
of total generations. 

3. SUMMARY 

In brief, selection appears to have made advances for six 
generations. ' When large enough numbers arc observed to afford 
a counter-balancing of the fluctuations of individual families, 
the advance is, steady. That this increase is really genetic is 
shown by the increase in the distribution of extras extracted 
from a cross of long selected flies, over the distribution of extras 
extracted from a cross of unselected flies. In later generations 
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[after the 6th) as far as the eleventh, no further advance has 
been detected. This is what the comparisons of different fami- 
lies from^ the same grandparents, or successive generations of 
inbred lines, had led one to expect. In tlve second generation 
there is a tendency for parents of higher grades to produce chil- 
dren of higher grade, while this is not the case in the later gener- 
ations where high and low variates seem to have the same 
genetic potentiality, and in so far as this is true, the variability 
must be explained by extra germinal causes. 

THE ROLE OF THE ENVIRONMENT 
1. INFLUENCE OF FOOD 

In seeking causes for variability in the number of extra bristles, 
studies have been made on certain factors of the environment, 
namely, food and temperature. It was early observed that if 
any normal flies came from a bottle of inbred selected flies they 
were apt not to appear among the first flies to hatch in that 
bottle." Also it became evident that more of the high grades 
did appear among the first flies hatched, than among the last. 
To make this clear the data was arranged to show the distribu- 
tions of the flies counted on successive days from individual 
bottles. In many cases it was clearly shown that successive days 
showed lower and lower distributions of extra bristles. In 
other cases there was no such decline. However, in all cases 
the highest flies appeared among the first flies drawn off. That 
the falling off in bristle numbers is not due to any differences 
in the fertilized eggs is shown by the fact that whenever there 
is found such a decline in bristle numbers at the end of a bottle, 
the first flies hatched from the next bottle into which the same 
parents had been placed, show bristle numbers as high as those 
found at first in the preceding bottle. This was found to hold 
good for all cases, even though the parents were moved into 
three or more successive bottles. Wlien the changes from 
bottle to bottle were frequent there was less falling off at the 
end of a bottle. Since the facts are so clear it seems needless 
to publish a large number of examples. Table 12 gives 3 ex- 
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amples from the 50 families so arranged. In mating No. 78, 
there was no falling off' at the end of first bottle, but the second 
bottle shows very clear falling off. There is found, then, a 
certain relation between the time of hatching and the number of 
extra bristle.s, due to conditions external to the germplasm, 
namely, that the last flies from a bottle may be of lower grade 

TABLE 12 


Daily counU uj progeny friim the some puTents in successive bottles, showing that when the 
bristle numbers me lower at the end of a bottle, Ike high grades are regained at the begin- 



than the first ones, and when this is true, the higher grades 
reappear in the next bottle 

It is common knowledge that the last flies from a bottle are 
apt to be smaller than the first ones hatched. This decrease 
in the sizes of the flies depends probably entirely upon the amount 
of food the flies cut while lar\ae; this amount in turn depends 
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upon the condition of the food and the environment. The 
similarity in the occurrence of decreased bristles and decreased 
size at the last of a bottle led to the idea*that there might be 
some relation between the two phenomena. To see if smaller 
flies are apt to have fewer bristles, the total body lengths of 
1400 random flies have been measured and their bristles counted. 
The data have been arranged in correlation tables. From table 
13 one finds that up to a certain body size there appears a sort 
of correlation, in that the smaller the fly, the fewer the extra 
bristles it is apt to show. Above this size (grade 500) there 


TABLE 13 


Males and females. Correlation between size and ?iumhers of extra bristles 


SIZE 

fJKADES 

0 

1 1 


■ 

— ' ■ 

300 

1 


.32.1 


1 

350 

2 

5 

375 

2 

3 

400 

2 

3 

425 

2 

10 

450 

i 4 ■ 

35 

475 

5 

39 

500 

2 

15 

525 

5.50 


1 

575 


1 

GOO 




NOIS. 

OV EXT HA. 

BIUSTI.KS 

- 

i 3 

. . 4 I 


i 1 

1 1 ' 

7 ■ 

1 

1 ' 

13 

2 

1 

24 1 

G 

1 0 i 

73 

52 

20 * 

94 ; 

76 

; 39 i 

76 1 

90 

■ 74 

11 


^ 32 

7 1 

13 

20 : 

5 

.3 

; 6 

1 : 

i 

1 ^ 



1 


3 


1 ^ 


U 

^ i 

1 : 


41 

19 1 

4 ; 

i 

38 ^ 


5 1 

1 

16 

15 

1 

2 

5 

5 - 

1 


3 

^ i 

i 



appears to be no constant relation between th(? increase in size 
and the numbers of extra bristles. However, it will be noted 
that above this size there are no normals. It has been concluded 
that the factor controlling extra bristles is not sex linked; how- 
ever, nearly all the curves of extra bristled flies that have been 
presented, have shown that the males have fewer bristles than 
the females. Correlation tables were made for males and 
females separately (tables 14, 15). These show strikingly 
enough, that the males have fewer bristles than the females and 
are smaller, no male being above grade 500. This does not 'mean 
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that a%naie msLy never be larger than this, but the comparison 
with the females is accurate since males and fema es were both 
used in each group of flies that was measured. 

In the mass cultures of extra bristled flies the bristle numbers 
are somewhat lower and the number of normals higher than in 
the inbred lirtes, but the flies themselves being raised in larger 
numbers and so cramped in close together are much smaller 


TABLK U 

Females. CovTclation helivecn size 
and nu7nber of extra bristles 


SIZE 


NO, 

EXTR.A BRISTLES 


GRADE 








0 1 

2 

3 1 

4 5 

6 

7 

8 

350 

1 ^ 


1 



1 

375 



; 





400 



i 





425 

i 

3 

i 





450 

; , 3 

5 

I; 

•2 




475 

' ' 2 

7 

6- 

3 2 

2 : 



500 

4 

19 

20| 

16 5 

' 4 : 

1 


525 


5 

1 

9! 9 

4 

1 


550 

' 1 

5 

i 

5 5 

2 : 

1 

1 

575 

1 1 

21 

^ l| 

3 1 i 

1 

1 1 

600 


It 

1 

2 

; 1 



TABLE 15 . . 

Males. Correction between size and 
nuynbers of extra bristles. 


NO. BXTItA. BBI8TLE8 


■ 0 

1 1 I 2 : 8 

4 

1 5 1 6 ' 7 8 

325 

1; ^ 



350 i 

11 : 



375 : 

1 i 

! . 

i ■ 

400 ; i 

: V 2 



425 ; 

3| 3; 4| 

2 

i ■ ! ' 

* 450 1 1 

10 29 15; 

5 

2 1 : ! 

475 : 1 

14 29 15 

; 11 

7 1 1 1 1 

500 ' 2 1 

s' 7; 6 

1 ^ 

1 1 ' i 

i. 5 


TABLE IR 

To compare children from low grade parents taken from mass cultures andraised 
in pairs, with children from high grade parents that have coinefrom continuously 
inbred lines, selected for increase in bristle nu?nbers 


i GRADE I OFFSPRING — NOS. EXTRA BHISTLES 

OF FAH-! 


OF FAB-!_ 
i ENTS j 
1 

0 1 

2 

3 

4 

. 5 

6 

7 

8 

14 

MEANS 

Parents from ^lass cultures 









554 1 2:2 . 

1 ; 15 

36 

32 

25 

18 

3 




3.00 

557 : 2:2 ; 

3 1 15 

26 

12 

16 

9 

3 

2 



2.84 

561 ; 1:2 1 

1 ^ 1 

3 

5 

5 

3 

1 

1 


1 

4.00 

Parents from 16th generation of inbreeding and selecting up 


• 


555 5 :5 

1 

11 

26 

14 

4 

4 

1 



3.55 

556 5 ;5 

4 : 32 

61 

45 

24 

9 





2.45 

559 5 :5 

6 ^ 33 

39 

42 

31 

17 

6 


1 ' 


2.80 
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than tjie inbred flies mated in pairs. It is also found tj|^t the 
first flies that hatch from a new culture bottle are larger and have 
increased bristle numbers and low grade pairs separated from 
mass cultures give children of as high grades as are found in the 
inbred lines raised at the same time (table 10). The mass cul- 
tures) from which the parents in t\^s table were taken, were 
started from the 5th and 6th selected generations and had been 
running eight months. The*three inbred families shown from 
the 16th generation are the only ones mated very nearly at the 
same time as the three pairs taken from the mass cultured This 
table has a deep significance in relation to the accomplishments 
of selection in the ten generations between the 6th to 16th. 

2. DISCUSSION 

Thus there is evidence to show that flies below a certain size 
are apt to have fewer extra bristles than larger flies and that 
the size is largely .dependent upon the condition and amount of 
food, or, more generally, on the environment; further, that 
males are shorter and have fewer extra bristles than females, 
and that the differences between mass cultures and the inbred 
lines disappear when the flies from the mass cultures are bred in 
pairs. It seems as though the small underfed flies do not have 
enough material to develop as many extra bristles as the larger 
flies can. 

The measurements used in the correlation tables do not make 
very satisfactory data, as the distention of the abdomen and 
so, the length of the fly, varies with - the amount of food con- 
tained, but, however little light the tables may give as to the 
actual amount of correlation and influence of the environment, 
it is believed that the errors in measurement due to the varying 
abdominal contents are not great enough to prevent the con- 
clusion that such an influence of environment does exist. The 
fact of most importance at present, whatever its explanation 
may be, is that the numbers of extra bristles are influenced in 
some direct or indirect way by the conditions in the bottles. 
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Witl]^th(*so facts ill mind it will be well to return to the generr 
all}’ low percentage of extras in the Fo of crosses with normals 
of other races. It has previously been shown that apparent 
noimals may none-the-less be homozygous for extra bristles; 
a plausible explanation of this fact , seems to be the influence of 
food. 


3. TEMFER-VURE 

The regularity with which a new bottle produces an increase 
in bristfe numbers, if it follows a falling off at the end of the pre- 
ceding bottle, shows that these variations are not mainly due to 
temperature. This does not say that temperature may not 
have a real, howe\’er slight, influence on bristle development. 

A series of preliminary experiments were performed to test 
the influence of temperature. Sister matings were raised in 
various temperatures, constant to a small fraction of a degree 
eontigrade. In one experiment different sets of eggs from the 
same parents were raised in various temperatures and compared 
vAth controls in room temperatures. Two main questions were 
to be answered: (hn the number of extra bristles be increased 
by \isiiig higher or lower temperatures? Do constant tem- 
peratures, irrespective of the degrees, influence the variability 
of bristles and thus indicate an influence of temperature? In 
the nine matings employed, 1860 flies were observed. The data 
were all arranged in curves, males and females separated and 
together, but no clear evidence was found to show that tempera- 
ture had any influence, either in producing higher or lower num- 
bers of extra bristles or by changing their variability. It is 
vej*y clear that temperature influences the bacterial and fungal 
florae of the fermenting banana, and due to the chemical activity 
of the food, the eiuironment of the developing flies goes through 
wide variations, as is witnessed by the multitude of different 
shades .of odors from a single bottle during its productivity. 
Should ail}’ relation between temperature and bristle number 
be found in later investigations, it would be extremely difficult 
to show that this supposed relation was not an indirect effect, act- 
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ing^-hrough the influence on the food. There can be no question 
that extra bristles are not influenced by temperature in the 
way that Miss M. Hoge fouiul applied to extra legs. 


DISCUSSION 


The question in relation to^wliich tnese experiments have most 
interest is >Yhether Mendelian units can be modified by selection, 
and whether selection can accomplish anything more than a 
sifting and sorting of hereditary elements whose origin is still 
unknoTO. The tendency is either to hold that the hereditary 
elements can never be modified by simply propagating certain 
ones, or to hold that there is no integrity of such seeming ele- 
ments or factors, and that almost anything can be accomplished 
by sufficiently long and painstaking selection. 

Some of the observations will admit both interpretations. 
According to the selectionist’s view, the modification of the extra 
bristles appearing in a cross with normal, indicates that a factor 
has been modified. The restricting factor of the normal gamett 
may have transferred some of its restrictive properties to its 
allelomorphic mate in the extra germplasm, so that all the chil- 
dren formed by the union of two so niodifietl extra gametes, 
would have fewer extra bristles than if the gametes had been 
unmodified. Selection made steady advances at first, showing 
that the gametes of flies of higher grades must be somewhat 
different from those of the lower grades, and therefore, the factor 
for extra bristles must be a variable thing, howev^er truly a Men- 
delian unit. That the progress of selection does not continue 
after the sixth generation may only mean that the conditions 
have been so irregular or unfavorable that the real phenomena 
of the germplasm were entirely veiled. 

On the other hand, these same facts may be used to form the 
basis of an interpretation involving one or more smaller, or 
accessory, restricting factors, which are found in many low 
bristled flies (some flies may lack all restricting factors, and still 
be low grade on account of their small size). The more and 
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more complete removal of these in successive generations^by 
selection will permit the jiumbers of bristles to gradually increase. 
However, when all the flies become homozygous for the absence ' 
of the accessory restricting factors, no further increase by 
selection could be expected. Since there were no greater irregu- 
larities in the environment ‘apparent after, than before, the sixth 
generation, and since flies from ^he fifth, sixth and seventh 
generations were being raised on the same lot of food and at the 
same time, the other interpretation of the failure of selection 
becomes very weak. And when the evidence showing that there 
is apparently no genetic difference in the later generations be- 
tween flies of different extra bristle grades, is reviewed, including 
as it does the weighty finding that seemingly norma’ parents 
may produce higher grade extra children than preceding high 
selected ancestors and the conclusion that after nine selections, 
high and low bristle grades give the same result in crosses, when 
all these facts are born in mind, it will be realized that the 
interpretation of the results by accessory factors seems in closer' 
i^reement with the facts than does the alternative hypothesis. 

The hypothesis of accessory factors needs no elaboration or 
change to explain the jjhenomena that accompany crosses with 
a normal race. The main factor for restriction keeps the num- 
ber of bristles down to four whenever it is present, so the ac- 
cessory factors can only be detected when the main one is absent. 
For this reason a simple Mendelian ratio may be found. From 
the selected flies some if hot all the accessory factoi^ have been 
removed. These would be present in the normal race used in 
the cross, and, due to the segregation of these independent 
restrictors, one would find in Fa among the flies lacking the main 
restrictor, all combinations of the accessory factors, forming 
groups with various restrictive powers from strong to weak. 
The strongly restrictive groups would make the bristle numbers 
lower than in the uncrossed flies under the same conditions, 
while the weakly restrictive groups would make slight or no 
modification. This would result in an increase in the propor- 
tions of flies with few extra bristles, yet the high bristle grades 
would still be found. This is shown to be the case in figure 2, 
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wkere the inbred ’and extracted distributions are compared. 
The first set of curves show this fairl^^ well, but in the second 
set, in which the extra parents had been selected much longer, 
the phenomenon is very clear. On the other hypothesis, if the 
factor for extra bristles were modified in P\, one would expect 
to find the whole curve of the F 2 extras lowered, and another 
supposition would have to bf made to explain the occurrence of 
high grades. Such an added supposition would involve the 
modification of the factor, sometimes in various degrees, and 
other times not at all— a supposition easy to make (Castle ’14) 
but difficult to explain. 

That there is a greater modification in the ¥, extracted extras 
when the extra parents had been selected for several generations, 
than. when. they had not been selected, is the result expected 
if the selection had accomplished no more than to drop out 
certain accessory restricting factors, which being present in the 
wild parent would produce their effect in the second generation 
at the normal end of the distribution just as strongly as they did 
in the crosses before selection. To interpret this without uskig 
accessory factors one would have to suppose that a factor for 
extra bristles, that had been made more extra by selection, 
was more susceptible to contamination, just as squeezing a sponge 
will make it take up more water; but as has been shown, this 
kind of a mechanism will not explain the occurrence of the high 
extremes in this modified distribution. When one considers 
that the ^tra bristled condition is due, not to a single factor 
of which anything is known, but to the nucleus of determiners 
that carry the main heritage, such a modification hypothesis 
becomes vague and confused. 

The occurrence of extras in the Fi of the crosses may be ex- 
plained by incomplete dominance, in which case the proportion 
of F 2 extracted extras should be too high instead of too low. 
Their occurrence may be explained by a heterozygous condition 
of the restricting factors in the wild New York 1912 race, which 
had been escaped being weeded out by selection. The occurrence 
of extras in the New York 1912 race suggests such a heterozyg- 
ous condition. It seems probable that the slightly low propor- 
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tioiis of extras in is connected with the modification of th#ir 
distribution. A strongly restrictive group of accessory restrict- 
ing factors, even in the absence of the main restrictor may pro- 
duce a normal fly, especially if the fly happens to be small. 

Much of the recent genetics work supports the principle of 
accessory or tnultiple factors. According to this principle more 
than oim independent factor may influence a single character, 
besides tlie cases which pro\'e unquestionably the existence of 
such multif)le factors by means of definite ratios, as the ligula 
in oats and the red grain in wheat (Nilsson-P^hle ’09), yellow 
endosperm in maize, (East and Hayes, HI) and the triangular 
form of capsule in shepherds purse (Shull H4) there are a large 
number of irn^stigations in which the presence of multiple 
factors is strongly indicated. Since the author has already 
discussed such cases (MacDowell H4 a and b) it will be necessary 
only to add references to the recent work of Wichler (H3), Ikeno 
(H4), Hayes (H4), Davenport (’13), Lotsy (H3), Phillips (H4) 
and Punnet t (H4), and to call attention to the critical discussion 
of Shull (’14). Investigations showing transgressing segregation, 
in which the F-j distributions form continuous gradations but 
with modes dividing the individuals into groups corresponding 
to 3:1, or 1 ;2 :1, (Balls ’07, Leake ’ll, Biffen ’Oo) have been 
interpreted by aii hypothesis involving one main factor and 
accessory factors, similar to the one employed above. . Still 
closer resemblance to the work herein described is that of Castle 
and Phillips (;14) with piebald rats. They dealt with a variable 
character that proved to be influenced by a Mendelian factor. 
The distribution of the ^'ariations of this character was modified 
by crosses. No hypothesis other than that of accessory factors 
could be found to explain all the results. However, Castle 
still holds that the continued success of selection goes to prove 
the modiflability of a Mendelian factor. The main difference 
between the investigations on the piebald rats and the extra 
bristled flies, aside from the fact that no minus race of flies has 
been established, lies in the fact that in the case of the flies the 
progress of selection does not seem to continue after the sixth 
generation, while in tiie rats it appears to continue as far as the 
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selections have be^ii made. Another difference that becomes 
illuminating in the light of these facts is that the flies have been 
inbred absolutely, while in the rats the inbreeding was of a fairly 
low degree. Return selection pro\-ed equally eff(H“ti\-e in the 
piebald rats. If the interpretation of accessory factors be ac- 
cepted for the results of crossing the rats, it is evident that'at 
least part of the success of selection was due to the sorting out 
of these accessory factors. Tsow the fact of a successful return 
selection can not be sighted in this case to prove the theory that 
a factor has been modified, since as long as selection wa.s showing 
steady progress, it should be possible to start a successful return 
selection. As long as the original selection was progressing 
there still is evidence of some heterozygosis of the accessory 
factors. This would afford a basis for the I’eturn selection. At 
this time any positive statement would be premature, but the 
i'esults given by an attempted return selection of the extra 
bristles after the upward progress had .seemed to stoj), appear 
to indicate that this return selection is ineffective. Finally the 
more complicated hypothesis of Pearl f ’12) supported by his 
extensive investigations on fecundity in fowls, must be sighted 
as one ba,sed fundamentally on the conception of multiple factors. 

Taken then on their own merits, the results presented in this 
paper do not give critical evidence in support of either the 
hypothesis of modification or of accessor^^ factors. However the 
failure of selection after success for six generations and the prob- 
able genetic equality of the various bristle grades in the later gen- 
erations, secern to bear the balance strongly towards the hypothesis 
of accessory factors. Taken in the light of much of the recent 
genetics investigations, many of which have close theoretical 
similarities, it is almost impossible to avoid the conclusion that 
the interpretation of accessory factors is the more probable. 
Besides, this hypothesis affords a more* thinkable mechanism 
and is more readily understood and tested. For these reasons 
this interpretation has been adopted at least as a working hy- 
pothesis upon which to base further investigations. Fxficriments 
are already under way to attempt the isolation of accessory 
factors and, by crossing, to prove unquestionably their existence. 
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CONCLUSIONS 

From a pair of wild flies a race of Drosophila ampelophila 
has been established which has regularly more than the normal 
four thoracic bristles. 

By selecting high grade parents and inbreeding brother to 
sister, the number of extra bristles w'as gradually increased for 
six generations. 

From the seventh to the eleventh generations fluctuations 
were found showing no further increase. 

The maintenance of the high grades of extra bristles does not 
depend upon selection as, low- grade parents from mass cultures 
started from the fifth and sixth generations that have run eight 
months, when raised in single pairs, give as high grade offspring 
as inbred and selected parents malted at the same time. 

A Mendelian factor is involved in the inheritance of extra 
bristles, and as normal dominates extra, this may be regarded as 
a dominant factor that restricts the number of bristles to four. 

This factor is not sex linked, although males are apt to have 
fewer extra bristles than females. 

The extracted extra bristled flies have a lo’wer distribution 
than that of the inbred flies of the corresponding generation, 
although the high extremes of the inbred race are also found 
among the extracted extras. 

There is a greater difference between the inbred and extracted 
distributions when the cross is made after eight selections than 
when made after only one selection. 

Environment influences the number of extra bristles, and since 
small flies are not apt to have as many extra bristles as large 
ones, it appears that the amount of food eaten is an important 
factor. 

From the above statement an explanation may be found for 
the fact that an apparently normal fly may be genetically homo- 
zygous for extra bristles. 

The hypothesis of accessory factors will explain all the facts, 
and that of modification of a Mendelian factor may be employed 
to interpret most of them. 
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The similarity with much recent work that has given more 
or less positive evidence of multiple and duplicate factors, per- 
suades the author that the hypothesis of accessory factors is 
probably the best one for the facts. 

The following hypothesis is adopted upon which to base 
further work: the extra bristles in Drosophila ampclophila are 
due to the absence of one main restricting factor, and their 
number is also influenced by accessory restricting factors, which, 
in the absence of the main^ono, produce flies with reduced num- 
bers of extra bristles. 

October, 1914. 
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CHANGES IN THE RELATIA’E WEKiHTS OF THJ'; VA- 
RIOUS PARTS, SYSTEMS AND ORGANS OF YOUNG 
ALBINO RATS HELD AT CONSTANT BODVAWI-TOHT 
BY UNDERFEEDING FOR VARIOUS PERIODS 

C. M. JACKSOX 

Institute of Anatomy, Uninrsify of Mifinesota, Minuvapolis 
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^\^hon young;, acti^^ely growing animals are held at constaitt 
body-weight by underfeeding for considerable pei'iods, one of 
three results might bo expected a priori concerning the weights 
of the various organs and parts, (1) Since the body-weight 

9‘) 
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constant, the weights of the indi\'idual organs and 
j)art.s iniglit also remain constant. (2) Since the normal growth 
rat{'s are known to vary in the different organs and parts, one 
iniglit expect those organs with the strongest normal growth 
tend(‘n(;y to increa.se in weight at the expense of the remainder 
of th(‘ body. SincC; however, the food-supply available is 
insuliicient for both maintenance and growth, the animals are 
actually in a condition of chronic inanition; and changes might 
be ('xpccted to occur corresponding to those which have been 
obs('rved in adults during inanition. 

A few obseiA'ations have been recorded upon changes in 
young animals in certain organs under these conditions, notably 
by ^^'aters f'OSj, Aron (A1 and A4) and Donaldson (’ll). A 
more extended and complete analysis of the changes in the 
organism under these conditions seemed highly desirable, and 
therefore the present investigation was imdertaken. The Avork 
was begun at tlu^ Tniversity of Missouri, and continued at 
the rni\'ersity of IMinnosota Avith the aid of a special grant from 
th(‘ I'esearelj fund of tlie (Iraduate School. This grant Avas used 
to (MU ploy a resea reli assistant, who eared for the animals and 
assist(Ml in the dissections, Aveighings, calculations, vie. An 
abstract of the present paper has been published (Jackson T5 b). 


[MA'riCllIAL AND [METHODS 

JJie all)ino rat (Mus uorvegicus albiniis) Avas chosen for use 
in this experiment. It is a convenient animal on account of its 
comparatively small size, rapid groAvtii and hardiness under 
exjjeriiiiental conditions. It is also practically the only mammal 
Avhos(‘ growtli norm (including variability) for the Avhole body 
and ha* the various parts, systems and organs throughout tJie 
])ost-natal life cycle is even a])proximately knoAvn. The ('ffects 
of inanition upon the adult rat have also been worked out (Jack- 
sou 'Ida, ‘15c) and are Aaluable for comparison. 

The material used in the present cx]')eriment included ten 
litters (and one individual from an eleventh litter) as shoAvn in 
table 1. 
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As noted ill this table, three of the litters are from the rat 
colony at the University of Alissouri, and the remainder fi'oni a 
local colony at tlie ^ni^Trsity of Alinnesota. There are in- 
ciuded twerity-ame males and thirty-six females, a total of sixty- 
five. In addition, two rats not listed in tables 1 and 2 were 
used as additional controls at three Avceks in the study of the 
skeleton (table 7). 

In most cases, the experimont began when tlie rats were three 
weeks of age (time of Aveaning). These rats wqyo hold at con- 
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I IMiotojiiupli sliowiiifi fdur jilliiiiu nitf^ :it tin* i)f U'n wia'ks. Tlie 
larf!;<’r rats iv|)r('S('iit tha norinal, full-fed eoiitrols. TIh' sinaller rats :>re fr<nn 
tlie same litt('r. but have lu'en held liy uiulerfeediii^ at constant ho<ly'Woi{j;lit 
since tlie aj!:e of three weeks. 1'he rats are pure albinos (Mus norve{»:icu.s albinns > 
the (lark spot on the lunui of one bein^ an artificial Tiiark of identification. 


stunt body-weight for vuryiiig periods, from the nge of three 
wtH'ks up to the uge of six weeks (8 rats) to eight weeks (3), to 
ten weeks (22), to thirteen weeks (1) and to sixteen weeks (1). 
A few w(M’e held at constant body-weight beginning at later 
periods, --from age of six weeks to age of thirty-two weeks (2). 
and from age of ten weeks to age of tliirty-six weeks (3). Con- 
trols (25 in all) were also killed at the beginning and at the end 
of these time ])eriods. At ten weeks of age. the normal controls 
are half-grown rats, sexually mature, of nearly adult ])roportioris. 
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and five or six times as hoa^'v as those held at constant hody- 
weight from the age of tliree weeks (fig. 1). In addition, a 
large nunibcr of observations upon the noimal rat jn-eviously 
published (by Donaldson, Hatai. Jackson, Lowrey and others) 
are available for coini)aris()n. Of the animals used in this 
experiment, the distribution of sex('s is given in table 1. 

In table 2, the net body-weight (gross Ixuly-weigiit, imdiiding 
intestinal contents, is sliglitly higlicj’), of tlu' animals us{‘d is 
indicated. At each time pei’iod the a^Trage weiglit (and range) 
(or each sex is given, for both controls and test animals held at 
constant body-weight. The cards containing tin' original in- 
dividual records for all animals used will be deposited in The 
W’istar Institute of Anatomy, where they may b(' (‘onsulte<l if 
desired. 

Tlie rats were kept in ordinary wire (*ag(^s (witli wii’c-net 
bottoms, allowing tlie feces to dro]) tlu’ough) and were individu- 
ally weighed daily before feeding. Diose under exjx'riment 
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\v(‘r(‘ f('(l an aiiKniiit just suffif-ioiit tn liold them constant at the 
initial })0(ly-weij''lit . Of (‘onrs(' sli^lit fluctuations in the f^ross 
w(‘i^>lit wvw uiia\’()i(hih](>, hut they rarely (‘xeeeded oik* ^rnin 
al)OV(' or Ik'Iow iIk* initial weight. The food used was in all 
eas(*s whoh* wli(*!{( (Orahain; )>r(*ad s(;a]s<Hl in whole milk. Pre- 
\'ious (‘X])('ri(‘nc(> has shown tliat, at l(*ast uj) to tlu* aji’o of one 
y(air. alhijio rats tliri\a' and (lev(T)]^ norimdly U])on this sim])le 
di(d. \\'at('f ad lihilifni was also su])pli(*d. 

U is a curious fa(‘t that uiulei’ these eircunistanees the amount 
of food n('C('ssary foi- niaintc'uanee of l)ody-w(d^-ht a])])arently 
d(‘creas('s as tla* (‘xperiuKait pi-oe{*(*ds. Thus rats of about 25 
lirams ^I’oss hody-w(‘i^ht \\h(*u thr(*e w(H‘ks of a^(‘ at (lie he”;! n- 
iiiti^!; of till' ('xpt'rinKait ^\ill at ordinai'y I'oom t(‘jnp(*rat ure in- 
quire about .“) grains of milk-soaked bread daily for maintenance, 
bator, this will usually deciaaise to an aA<a-a^e of alxmt d i^rams 
toward the a;j;(' of t(*n wia'ksJ dliis is tin* ojipositt* of wind miji;}!! 
b(‘ exp('ct('d: tli la'cause at later periods the amount of avail- 
able food suiiply sloi‘(‘d in the liody has been ^I’catly dimiuislied; 
ami (2) because lh(' aidmals held at constant body-weight al- 
most iiu'ai’iably Ix'coiiK' much moi'e acti^(^ rerpiii'inii; a greater 
expen(litur(' of (‘lu'r^y. Possilily the smalk'r amount of food 
|■(a|uil■(al to maintain tlie animals at the later ]:»eriods may be 
dm* to a ^naiti'i* absoiption of watei*. thus maintaininji; a liody- 
w('iuhl whu'li would other\\ ise declim* with tlu* ^:iveu amount of 
food, it is w(‘ll kiiowji tiiat during inanition in ir'eneral the 

‘ Tw () rNniiipli's iDuy 1 h' citi'd. Six rals of iiiU'i' .\o 12 won* iK'ld ;il ooiislaiK 
luitliii! ;! raiijir («!’ I jii'atn s iVoui tlir ajio of tliix'o \\(‘(‘ks !.)!' -Iuik' 2!, 
1!U !, a\rt’a^(' hmly-u cinjii 2a. (i u'l'aios, for wook.s tcitlu' a^^o of Ion weok'.s on 

Aimnsi (». lallv at ulii(']! (inu' 1 lie ;i\ ('ragx' Ixxly-woiirhl was 2o.s ju’ains. 'I'lic 
a\('r:ia;(' daily ftHMl-suiijily of ■wlidle wlit'al U iraliain' hnaid soal^cil iti nliolc milk 
tor the sd\rn consciiii i\ i' wx'cks of ilio oxin‘vi)!’(‘iit was as follows: .'>.1. M.!i, M,7. 
d..y 2.7. 2.7 .m-an s. Sio’ilat'ly. six rats of lin.or Xo. Id. av^waiiit' \veii.dK: 2:M 
g;ra.nis at i tii'ci' wia’ksof ai!;o mt Jono 2S. lUl-l-, ss oia' Imld at oouslanl wad^lit for s<’\(“n 
wi'i'ks iiiiiil Allans! 12. I!'] 1. wticn at Ion. wca.'ks of a«." tlioir a\ oraoo jiross wcijilit 
w as 22. ti yiauos. t lioir a \ oraut- daily foo<l-sHpply for t he s{‘V(‘n eonstnail i \ c waa-ks 
was ;is follows; 7>.;). -VO. 4.1, d.ti, d.;k 3,2, 2. *4 wi'ani.-:. In .all eases wat(M’ 'eity 
siip[ily. troiH tla' l\l!ssis<i[)p! rixm-i was su])plied ad lihilat/t. dlie dimini.shin^ 
aiiMiunf of food iieta‘ssar\ iVi' ma.iiit eiiaiua' ea]\nol l)e explained as due to iiua-eas- 
iim leinpt'raoirf'. as tins was fairly eoiistaiil. ^Moreover, a .siinilar {“ondi(i<m lias 
heen found in othei' litttM's at all .seasons of tin.' year. 
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pcrcoiitage of water-content of the body increases, and il is (juite 
probable that diirinp; chronic inanition result inji; from inain- 
icnaiK'e of a yoiin^, growing- iininial at constant body-wfMght 
the amount of living protojdasni in tlie ])od>' decreases. If the 
amount of metabolisni is thei’cby decrcas(Hl. a sinalha’ food- 
supjily would suflice for niaintenamau 

As will be sliown later, on ata'ount of the inteusilv of tlie 
grov tli-impulse, especially during tlu' ('arlica' jau'iods of inanition, 
(‘crtain growth-changes occur which i‘e(iui]'(‘ tlu' (^xp(auiilur(' of 
cnei’gy. It is possilile that this eiuagy is supi)li(al by tlu' exc(‘ss 
of f(M)d aliove that required for mainteuaiua^ proptaa Another, 
l)ur less probal)le, ex])lanation might be that during inanition 
the food-intake is in sonu' wa>’ niort' ('cononiic^ally utilized, a 
-nialha' (puintity thoi’cfore b(Mng sulli(‘i(ait for maiitltaiance. 

• n the lai('r stages of inanition, th(M*(' is pro})ably a d('creas(‘ in 
the teni])('rature of the body, whi(‘h would th(M‘(‘fr)r(' rcapiiri' 
l('ss food. 

Hats held at constant body-weight from the ag(‘ of thret' weeks 
to ten weeks, while beconiing more active as tin* cxpcaaimMit 
pi'oceeds, l)eco}ne at the same time k'ss i'('>ist;int to cold. Tlno' 
may die suddenly if the room temp(M“atur(^ is low('r(‘d, oi‘ (‘V('n 
witliout any apparent catis(\ d'luis u]) to sixtcaai we('ks, the 
longest successful jieriod in those' beginning at thna' w('('ks, it 
iH'conu'S increasingly difficult to maintain tlumi alivi' at con- 
st me. I) 0 (ly-weight. ^^fhell the ('xpia'iiiaaiil is b(‘gun latc'i*. the 
length of tlie time during whi(‘li tli<' body-wc'ight can b(> lield 
constant is conshk'ralily inci'casia!. A.i'on 'IIj had a similai' 
oxpei'icnce wdth dogs, tinding it juaa'sstiry ;ifl('r a tinu' to fei'd 
sutiicieiitly to increasi' llu' initial body-wi'iglit somcwliat. in 
order to keep tlie aniinals a[i\'(a Uv (‘X])lain.s this as due to th(‘ 
gradual exhaustion of a\'ailabk' food-substanci’ stored in tlu' 
\arlous tissues of the body. 

At the end of tlie various ag('-p('rio(]s of th(' (‘xperiment . and at 
tlie liegiiming and end for controls, tlic I’ats were killed by 
clilorofonn and dissected according to the tcclmicpH' descrilx'd 
in previous papers (Jackson and Jmwrey ’12; Jackson Mo, M5 cj. 
J’lie parts, systems and organs w(a'(‘ caivfidly \ceighed, and 
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jKtrtioiis j)roscr\(Ml for loicToscopie exaniinutioii (to he con- 
siiienai in a lat(‘r pa])('rj. 

As li(‘r{‘tr)for{‘, in ealeulating the perc(nitag(‘ w(ng]its, the net 
iMnly-weij^lit (fj-ross weij^lit less intestinal contents) is taken. 
O'he ])(‘reentati:e \v(‘i^hts of the (U-tt’ans are tlius slightly higher 
tlaui if caleulat(‘(l upon th(‘ gross hody-weight. 

The average's giveai in the \airious tables are the aiithnietical 
iiK'ans of th(' eorj-(‘sj)on(ling in(li\’i(lual obscM'vations. In view 
of th(' conlparati^'ely small nuinher of o])ser\’atious and the 
known variai)ility, espe'cially of some of tlie org;uis (cf. Jackson 
13), the data are* insuflieient for tivabnent ])y statistical methods, 
and the* value's are* the*r(*hn-e eenly fair ap])]‘e)ximations. Tlu*y are, 
howi'N'or, sutfici(*ntly accurate* to show some f)f the more obvious 
ami impoi’tant change's in the young animal held at f'onstant 
body-weight. It is hojicd that they may ])e useful as predimi- 
nary e)bs('r\aitions, which may lead te) fui'ther anel me)re extensive 
inve'stigations of the' various inelivielual eu'gans. fn gene'rai, 
the* amount of variation founel is sufficient to necessitate greait 
caution in elrawing conclusions from a small number e)f observa- 
tions (sometimes u])on a single aninud), as frecpiently happens 
in {'xperimental work. 

laOXCTHS OF iU)l)V AXl) TAIL 

The* leody-length is measureel from the tip of the nose to the 
anus, and the tail-length from the anus to the tip of the tail. 
The measurements were taken immediately after death, the 
body and tail being extended by vciy slight tension- Aleasure- 
meiits (luring life are not practicable, although they might be 
obtained by the use of ancKsthetics. 

In order therefore to discern the changes in the lengths of 
body and tail white the body-weight is held constant, it was 
lu'cessary fij'st to determine these measurements on the normal 
animal. For this purpose, 450 observations (207 males, 183 
females) were available, Auirying from newborn to about 400 
grams body-weight. Of these, 277 (130 males, 147 fejiiales) 
were from the Alissoiiri rats described in a previous paper (Jack- 
son 43). and 25 (13 males, 12 females) from Alinnesota. For 
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the remaining 148 (124 males, 24 females) observations u})on 
rats from the colony at The Wistar Institute in IMiiladelphia. 
[ am indebted to Professor Donaldson and Dr. Hatai. A (‘ar(‘- 
ful examination revealed no essential ditT(M‘(ai(‘es in the relations 
of l)ody and tail-lengths aeeordhig to tlu' sour(*e of lh(' rats, 
so they were all combined into a single seiT^s. 

The general relations of body and (ail-haigths are ('vid(‘n1 
from table 3 (not including the \\dstar data, in wln(‘h the ag(' 
was usually unknown). 

The average ratio of tail to body-length in tabl(‘ 3 \\as obtained 
by calculating the ratio for each individual se])arately. and (hen 
taking the mean of the individual mtios. The n'sults are then^- 
])y somewhat nioiv accurate than would l)e obtaiiu'd by simply 
mking the ratios of the an'nujv tail and hody-hmgths. tliough 
tli(‘ dilfenmee is not great. 
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Two fiu'ls llif* i'(‘]ati\’r“ l(aip;tlj of the tail in the 

iioniia! all)iiio rat ai‘e a|)})arf‘ut from talile a. In tlie first place, 
it is (A'ident tliat at all a^es th(‘ ratif) of tlu' taiMenjith to the 
hody-len^t li is slightly ^reatf'i’ in th(‘ ^enl^)l(‘ than in th(' male: 
that is, iIk' hanalt' is r(‘lati\'ely loir^-t ailed, P.y a comparison 
of th(‘ i-atios, il app(‘ars liiat thc' tjiil (;f the female on the av(‘ra^e 
is about 1 or d p(>r (‘(ait lon^ca*. 

hi th(' sia'oiid jihu'c, it appears that the I’atio of tail-lenjith to 
hody-l(ai)i:t li iiicr<'as(^s in th(‘ normal I'at from an a\era^‘e of aliout 
O.Mt) at hii'tli to ().4S at one waap, Odil) at three weeks, and 0.8S 
from the a^(‘ of six wia^ks upward. That is, tlie tail becomes 
protir{‘.-si\'(dy relati\('ly lon^m*, beiii^ relati\ely more than tw'i(‘e 
as Iona; in (h(‘ adult as at })irtli, dihi' accelei-at ion of the tail- 
Ij;!'ow(!i at such a later jx'i'iod may la* cited as an instance of 
tlie ^enei'al law of ci'anio-caudal ])rop;ressiou in (lev('lo])ment 
t.lackson 'OP). 

Turning now to tin* tail-ratio in tin* I'ats ludd at constant 
hody-w (‘i^ht , as sliown in tabh* 8 b, and also iudicatt'd in flu* 
(daii't ill rip:ur{' 2, it is chair that in rats Ix^irinnins; at three w('eks 
of .a^o th{'i-(' has b('('ii a ^'('ry (h'cidcal inci'case in the tail-ratio. 
'ldi(' tail at this a^(' ('\ idenlly contiiUK's to (*lon^ate. even though 
tlu' bod.y-w'('i^;ht has b(‘{ai held constant, so that tlie tail-ratio 
ap])roach('s (althoutJ:h it (ioe< not iisuaJly (iuit(* reach) I Ik* noi’inal 
ratio for nits of corix'spondin^ a^e undi'r normal conditiom of 
iri’owth. 

U' w'v compai‘(' tlu* absolute* h'li^tlis of tail and body in the* 
normal i‘a( at thix'i* wc'(*ks < table 8 a) wdth those* in rats lield at 
constant bodywve'i^ht from the ajie of tliree w(*eks to the a^e 
of six, (*i^ht. t(*n, thirte(*u and sixt(*(*n wx'eks. it apjx'ars that 
thei'(* has also bi'i'n, a slight incre:isc* in the* absoluU* hm^iitli of 
the body. . Tin* incr{‘as(* in lail-h'n}i:(li is considei'ably peater. 
liow('\'(*r. so tlu* tail-ratio incix'ases as al)0\'e stated. 

Tin* lariici’ iiunilK'r of rats wi'ix* h(*ld constant from the ajre* of 
tliri'i* to tlu* a^e* of t(‘ii weeks. Sin,(*(* tlie tn'erage* liody-weight 
foi' till* normal series at thi'in* wee'ks is sliirldly lower tlian tliat 
of the sei'ies ]i(*ld cojistant to ten w'(*eks of age, I have obtained 
a new iiormal seiaes of liiglier body-w eight for direct com|)arison 
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III order to show more clearly this change in the ratio of tail- 
leagtli to l) 0 (ly-length, the individual ratios corresponding to 
tlu* 450 observations on I’ats frfan all sources (including the 14S 
Wdstar ratsj were plotte{i according to body-weight in figure 2. 
As the s('xes are distinguished in the entries, it is evident tliat 
the females t('nd to have a higher tail -ratio. Tlie curve lias 
b(‘(‘n drawn through the a^Trages at various periods fsexes 
combined). It is smoothed free hand, as the labor of con- 
structing the eurv(‘ inor(‘ accurately by mathematical methods 
did not seem justified. 

Special attimtion is called to one apjiarent discre])aney between 
th(‘ curv{‘ in figure 2 and the data in talile 3 a. In the latter, it 
appears that liu‘ tail reaches at six weeks an apparent maximum 
ratio of O.SS fsexes combined), which is maintained nearly con- 
stant at siK'ceeding piaaods. In the chart, however, it is seen 
that in rats abov(‘ 300 grams the a\'erage ratio drops to nearly 
O.SO. TIh'sc heavy rats ar(‘ nearly all from the ^^dstar series, 
and are all males. H is therefore e\ddeut that the drop in the 
tail-ratio cur\e is in part due to the fact that no females are 
included in the higlier body-weights. luen taking this into 
ae(‘ount, however, there is still a decrease in the tail-ratio of 
the male from a maximum of about O.SG or 0.S7 in rats between 
50 and 200 grams body-weight, to nearly 0.80 in rats above 
250 grams. (In 7 male rats between 350 and 400 grams, not 
shown in figure 2, the I’atios were slightly above the 0.80 line, 
the average being 0.81).- 


" Sin<'(‘ tlic <‘<nnpU'tinn of llio pre.sont |):i])oi’. I hiwv ri'rcivod, through tho (‘oiirl- 
osy of Professor Douuhlson, :i nuiTiUftrri})! copy of r(?foron(-o tublos eou)]>di’<l :il 
'I'lio Wistnr Institute !:)y fornmhis for \ nrious iiuvisurciocnts of the ulbiiio rat. 
'l'ii(‘s(‘ iiK'liKh' fho bc)dy-h>n<ji;ths and tait-h‘ii^:ths. by .sexes, from newborn to adult. 
From the.se data 1 hav(‘ ealculated the tail-ratios and find the result in general 
agreement with the eur\e shown in 2. The tail-ratios raleulateil from the 

Wistar (al)les a.rrj soim'wiiat lower, eorresjjomlinjj; to body-weights from 80 to 
100 grains. howe\er. They also increase steadily, so that at body-weights above 
200 grams they lie slightly a!)(>ve the eur\e in figure 2. The fail-ratio according 
(o the Uistar tables is about 1 ])er eent higlier in the female throughout, when 
the sexes of e<iual body-length or body-weight are compared. In rats above .300 
grams l)ody-weight, the tail-ratio is about 0.80 in the male and 0.80 in tho female. 
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The two observations on rats held eonstant from tlie a^e of 
three weeks to the ages of thirteen and sixteen weeks would seem 
to indicate a continuation of the process of elongation of the tail, 
even beyond the normal ratio at corresponding age, but th(‘ 
number of observations is too small for detinite eonelusiom 

The number of animals beginning the experimetit at latm- 
ages, body-weight constant from age of six to age of thirty-two 
weeks (2) and from ten to thirty-five weeks (ll), is also too small 
to draw any very posith'e conclusions. However, so far as th(\\- 
go, they indicate (table 3 b ; fig. 2) that bef ureu the ages of six ataf 
thirty-fire weeks (here is no marked change in the iaif-ratii) of rats 
held at constant body-weight. 

It will be observed that also in the norjiial mts betw(‘en six 
and thirty-five weeks of age there is no ap])arent change in the 
tail-ratio, whereas between three and six weeks of age tluuH' is 
normally a decided increase in the tail-ratio. The lengths of 
the body and tail are of course determined prijuai'ily by 1h(‘ 
growth of the skeleton. I would thei’cfore interj>ret the results 
concerning the lengths of tail and body as follows. In young, 
growing rats held at constant body-weight, the body and tail 
tend to increase so as to assunu^ the normal ratio at corresponding 
ages. This is due to the fact that, as will a])])ear later, the skel(‘- 
ton continues to grow in a normal manner (though at a I’educed 
rate) in animals held at constant body-weight. 

There is another possible factor in causing the incrc'ased tail- 
ratio in young, growing rats, whicli may also api)Iy to the similar 
ndative elongation of the tail found in adult rats (cf. Jackson 
'15 c). Professor Donaldson points out (in a j^ersrmal com- 
niunication) that during inanition there may be an arching of 
the spinal column, producing an actual shortening r)f the body- 
length. Such an arching actually does occur, and may be noted 
(‘specially in young rats during chronic inanition, it is w<‘ll 
shown in the stunted rats photogi’aphed in figure 1. Of cours<‘ 
the greater part of this longitudinal curvature of the spinal column 
is eliminated by the slight tension exerted in order to straighten 
out the body wheji it is jueasured after death. But it is still 
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quite i) 0 SBl}i]e that this does not entirely eliminate the shorten- 
ing!; of tlie eolumn. In any event, however, this is probably a 
factor of minor importance in altering tlie tail-ratio during 
inanition. 

Ilatai in a series of five ^stunted’ rats in which growth 
had been ndarded (but not stoppedj by a diet of starch-mixtures 
IVom age of 30 days up to from 127 to 215 days (the final body- 
weight being- from 70.0 to 113.7 grams) finds the average tail- 
ratio 0.75 as compared with about 0.82 in controls. He notes 
that: 

'riic most coiisjVicuous external differences l>et\veen normal and 
stunted i‘a(s a.s shown Iw tin' stunted rats arc in the length of the body 
and of the (ail, hotli of wliieli w(‘re eonsidcrahly reduced witli respect 
to tlic' hody-w(aght. This peculiar diflVrenee, as i.^ seen from die table, 
holds Inu' ill ('Vi'ry eas('. Turther, the ratio ]>etw('en the length of tlu' 
body and that of the tail is eonsidxuahly less in the stunted rats liian 
in till' (‘ontrol rats. . . . Underfeeding tlierefore producf'.s shoit 

taileil individuals. 

Rmauitly, howe\'or. Dr. Hatai (in a personal commimicatioii) 
states that in other inanition experiments he has obtaimal dif- 
lertMit results, and tliat "rats either grown or kept in a state of 
(•lironic inanition (starch feeding, lipoid-fi’ee ration and wheat 
embryo feedijig) give a longer tail ' in agreement with my results. 

Morgulis (Tl) in the salamander Diemyctylus found a rela- 
tively gi'eater shrinkage in the tail tlian in the body during 
inaiiitioii; while Haniis ('()9) found the converse to be true in 
Triton. 

hi: AD 

The head (table 4; fig. 3) at three weeks normally forms an 
a\'(‘rage of 22.5 per cent of the Imdy, the average net body- 
weight being 21.2 grams. Tn the 11 controls at three weeks, the 
body- weight {24.6 grams) is slightly higher, and the correspond- 
ing relative hoad-weiglit. 20.6 per cent, somewhat lower. In 
die rats lield constant from tlic age of three weeks to the ages of 
six and eight weeks, the average percentage of the head (21.6 
per cent and 23,9 per cent) is higher than that of the controls. 
But the average body-weight in these groups is lower, more 
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nearly the iionnal above cited, so it is doubtful whelluu- there is 
any actual increase in the head-weight ^either relative or al>solute) 
during the experiment. The larger ten weeks group, howevia-, 
is nearly equal to the controls in average body-weight, and sliows 
an apparent increase in head-weight from an a\’erage of 5.01 
to 5.34 grams, or from 1^0.0 per cent to 22.7 per cent (tabh' 4; 
tig. 3). In any event, however, tlie inci'ease in tlie head-weight 
is slight, and is not apparent in the two rats held constant from 
three to thirteen and sixteen weeks (average of tlie two is 20.() 
per cent). On the other hand, there a])})ears to be a sliglit 
increase in the weiglit of the head in tlie rats lield constant from 
six to thirty-two weeks (15.2 to 17.7 per cent), and from ten to 
tliirty-hve (12 to 14.0 per cent). 

On the whole, therefore, the evidence would apjiear to indicate 
(hat in young ints held at constant liody-weight for cousiderahle 
fieriods of time there is a sliglit increase in tlie weight of the la^ad. 
4 his is probably due to the increase in skeletal weight. w}n{h in 
the head probably o\’crbalauces the decrease in the weight of tlu' 
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integiimont; although, as will be shown later, the average loss 
in the integument of the entire body is relatively slightly greater 
than the corresponding skeletal increase (fig. 4). 

In both acute and chronic inanition in adult rats (Jackson 
45 a, 45 c) the head increases ver>’ markedly in relative weight, 
the loss in absolute weight being but very slight in comparison 
with the loss in weight of the entire body, 

KXTRKMITIKS AND 'rurXK 

The extremities (table 5; fig. 3) were separated at the shoulder- 
joint and hip-joint, respectively. There is apparently* a slight 
decrease in the relative weight of the fore-limbs in the young 
rats held at constant body-weight from the ago of three weeks to 
six, eight, ten, thirteen and sixteen weeks of age. In the case of 
the|trats held constant from three to ten weeks, the apparent 
decrease is from an average of 9.6 per cent to 8.5 per cent. On 
account of the small number of observations, however, and the 
difficulty in separating the limbs (especially the integument) 
in an absolutely uniform manner, the slight apparent decrease 
is of doubtful significance. 

In the case of the hind-limbs, there is likewise an*apparent 
indication of a slight decrease, but even less marked than in the 
fore-limbs. The apparent average decrease from 15.7 per cent 
to 15.4 per cent of the body-weight in the largest group (three to 
ten weeks, is well within the limits of experimental error. 

On the whole, therefore, it is doubtful whether there is any 
distinct and significant change in the weights of the extremities 
in young rats held at constant body-weight for considerable 
periods. A slight loss, however, might be accounted for by the 
slightly greater loss in the integument (a^compared with the 
gain by the skeleton); especially since the integument of the 
limbs probably forms a relatively larger part of the limbs than 
the whole integument does of the whole body. 

The trunk was not weighed directly, but its weight was cal- 
culated by subtracting from the net body-weight the weight 
of the head and extremities. From what has been said con- 
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cemiiig the head and extremities, it follows that there cannot be 
much change in the trunk-weight, since the probable sliglit in- 
crease in the weight of the head is off-set by a sliglit decrease in 
the extremities. In the largest group, however, held at constant 
body-weight from three to ten wec'ks of age (fig. 3), the trunk 
would apparently decrease from an average of 54.1 per cent to 
53.4 per cent. This apparent cliange is so sliglit as to be (prob- 
ably) insignificant. 

The results concerning the parts of the body therefore fail 
to indicate any decided change of proportional wciglits in young 
animals held for considerable periods at constant body-weight. 
There is apparently a veiy small increase in th(^ lu'ad, counter- 
balanced by a correspohding decrease in the tnmk and extremi- 
ties, but the change is so slight as to be of doubtful significance. 
J3ujpng inanition in adult rats, there is apparently a relative 
increase in both head and extremities, counterbalanced by a 
relative decrease in the trunk (Jackson To a, ' loc). 


IXTKGUMKX'l' 


In the rats held at constant body-weight from tlie age of three 
weeks to six, eight, ten, thirteen and sixteen weeks, there is a 
very marked loss in the weight of the integiimout (including 
hair and nails; table 0; fig. 4). In the case of the largest (three 
to ten weeks) group, the decrease is from an average of 21.9 
per cent to 14.5 per cent of the body-weight. In terms of abscj- 
lute weight, the decrease is from 5.39 grams (5.59 grams, less 
correction on account of difference in body-weight, which aver- 
ages 25.1 grams at three weeks and 23. S grams at ten weeks) 
to 3.41 grains, a decrease of about 39 })er cent. The decrease 
would appear slightly greater if the difference in relative weight 
of the integument for different initial body-weights were taken into 
account. There is apparently o\'eu greater loss at the other 
ages. It would appear that this loss (which is perhaps chiefly 
a loss of fat) occurs rather early, as at six weeks (body-weight 
held constant three weeks) the loss is as great as at subsequent 
and longer periods. 
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Musculature . 
41.6 per cent. 


Viscera 

14.3 per cent. 


‘Remainder’ 

13.4 per cent. 


Controls at 3 weeks. Constant 3 to 10 week?. Controls at 10 weeks. 


Fig. 4 Diagram representing the average relative (percentage) weights of 
the various systems (integument . skeleton, musculature, viscera and ‘remainder’) 
in albino rats held at constant body -weight from the age of three to ten weeks, 
and in controls at. three and at ten weeks of age. 
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In the rats experimented upon at later and longer periods 
(ages of six to thirty-two weeks and ten to thirty-five weeks) 
there^ is also a marked loss in the weight of the skin, though 
apparently not so great as at the earlier periods. 

This loss in the weight of the integument is in striking contrast 
with the results of inanition in adult rats (Jackson ^15 a, 'loc). 
Here the loss is very nearly proportional to that of the whole 
body, so the integument nearly maintains its relative (per- 
centage) weight. 

From his experiments upon young dogs held at constant body- 
weight, Aron (11, p. 29) states that; “The skin shows a slightly 
higher percentage of the body-weight in those animals kept at a 
constant weight than ii^the normal, control dogs. These figures 
indicate that, while the (body) weight' was constant, the skin 
increased very slightly in weight. ” The figures cited show the 
skin in animals held at nearly constant body-weight to fonn (in 
four cases) 12.2 to 14.6 per cent of the bodjMveiglit, whereas in 
three corresponding full-fed controls the skin formed 11.2 to 
13,0 per cent. Aron, how^ever, overlooks the fact that he is 
making his comparison with controls at the md of the experi- 
ment. In order to judge what changes have taken placed during 
the experiment, the comparisdh must be with normal control 
animals killed at the beginning of the experiment. Aron records 
but one case which can be used for this purpose. His Dog D 
(table 13, Experiment IV) killed at the age of 40 days, the begin- 
ning of the experiment, with body-weight of 1985 grams shows a 
skin-weight of 320 grams, or about 16.1 per cent of the body- 
weight. From Aron’s own data, therefore, I would reach the 
opposite conclusion, viz., that in young dogs held at constant 
body-weight, the skin suffers a marked loss in weight. This 
would agree with my resuIts^ on rats. 

SKELETON 

The skeleton (table 7; fig. 4) was prepared in three ways. 
The bones, together with the cartilages, periosteum and liga- 
ments, constitute the ‘ligamentous skeleton’ (table 7 a). The 
bones and cartilages, after removal of the periosteum and liga- 
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rnents by immersion for about one hour in 1 per cent aqueous 
‘gold dust ’solution at 90%'., constitute the ‘cartilaginous skele- 
ton’ (table 7 b). Finally the cartilaginous skeleton dried in 
an oven at 95®(\ to constant weight constitutes the ‘dry skele- 
ton' ftablo 7 cj. 

An examination of the weight of the ligamentous skeleton 
{table 7 a) n'veals the striking fact that while the body-weight 
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is held constant the skeleton continues to increase in weight to a 
marked degree. In the rats beginning at three weeks, there is 
an increase in the relative weight of the ligamentous skeleton 
from 15.7 per cent of the body to 18.0 per cent at six weeks and 
to an apparent maximum of 23.7 per cent at eight weeks. Tins 
latter is probably an exceptional figure, as in the largest group, 
at ten weeks, the average is 21.2 per cent (Tig. 4). This corre- 
sponds to an increase from an absolute weight of 3.90 to 4.08 
grams, an increase of about 28 per cent (or slightly more, if 
correction be made for the difference in body-weiglit, aA'orage 
24.5 grains at three weeks and 23.8 gi'ams at ten Aveeks). Tlie 
two cases carried to thirteen and sixteen weeks, res])ectiv(4y, 
show a slightly smaller relative increase. The rats used at later 
and longer periods (ages of six to thirt>^-two \veeks and ten to 
thirty-five weeks) also show a considerable increase ki the 
skeleton, though relatively less than those beginning at the 
earlier period. 

The data for the cartilaginous skeleton (table 7 b) similarly 
show a marked increase in mts held at constant body-weight for 
various periods beginning at three Aveeks of age. The figures 
for the largest group (three to ten weeks) indicate an iuci‘ease 
from 11.4 per cent to 14.6 per cent of the body. In terms of 
absolute weight, the increase is from an average of 2.60 grams 
(body-weight 22.9 grams) to 3.16 grams (body-weight 22.4 grams), 
an increase of about one-fourth. Subtracting the percentage 
weights of the cartilaginous skeleton from the corresponding 
ligamentous skeleton, there is (for the three to ten weeks group) 
an evident increase ‘of the ligaments and periosteum froju 4,3 
per cent to 6.6 per cent the net body-Aveight. 44us Avould 
indicate that the ligamentous component of tlie skeleton shares 
in the marked groAvth during constant body-Awight. 

Professor Donaldson (in a personal communication) lias kindly 
supplied a series of observations shoAving that the cartilaginous 
skeleton in the normal rat changes from a relative AA^eight of 
about 10 per cent of the body at 20 grams to 7,5 per cent at 50 
grams, 7 per cent at 100 grams and 6.7 per cent in rats above 
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200 grams. These weights, however, do not include the inter- 
vertebral discs. 

The data for the dried cartilaginous skeleton (table 7 c) indi- 
cate an even greater increase in the dr>' skeleton of the rats held 
at constant body-weiglit. Thus m rats begimiing at three 
weeks the dry substance increases from 3.43 per cent of the body 
weight to 4.98 per cent at six weeks of age, o.49 per cent at eight 
weeks, 5.84 per cent at ten weeks, 0.31 per cent at thirteen weeks 
and 6.71 per cent at sixteen w'eeks. 

Since the increase in the dry skeleton is relatively greater than . 
that for the (moist) cartilaginous skeleton, it necessarily follows 
that the skeleton Jinist be losing in percentage of water and 
gaining in percentage of diy substance. The percentage of 
dry substance has been calculated for each individual skeleton 
included in tables 7 a and 7 b, and the averages for each group 
are as follows: controls at three w^eks, 31.4 per cent; constant 
three to six weeks of age, 33.5 per cent; three to eight weeks, 30.0 
per cent; three to ten weeks, 41,7 per cent; three to thirteen weeks, 

40.2 per cent; three to sixteen weeks, 44.0 per cent; control at 
tep weeks, 53.4 per cent. 

Lowrey (T3) finds the dry substance of the ligamentous 
skeleton in the normal albino rat to increase from an average of 

33.3 per cent at 20 days of age to 39.2 per cent at six weeks, 
45.9 per cent at ten weeks, 50.4 per cent at five months and 52.6 
per cent at one year. 

From the foregoing it is evident that in rats held at constant 
bodywveight beginning at three weeks, the growing cartilaginous 
skeleton steadily increases its percentage of dry substance. 
Thus it tends to change the propoitions of water and dry sub- 
stance as during normal growth. The percentage of dry sub- 
stance does not increase so rapidly with age as during normal 
growth, however, but lags behind corresponding to the retard- 
ation in absolute growth. During inanition in adult rats, on 
the contrary, there is a relative decrease in the dry substance, 
and an increase in water-content (Jackson T5c). 

It has already been noted in a previous section (^'Lengths of 
body a^d tail’’) that in the rats held at constant body-weight 
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beginning at the age of three weeks there is an increase in tlie 
lengths of both body and.tail. The latter increases inorc rapidly, 
however^ so that it tends to assume the tail-ratio found in normal 
rats of corresponding age. This indicates that the skeleton not 
only continues to grow (though at a reduced rate) while the body- 
weight is held constant, but also tends to gmr iu a normal manner , 
so as to produce the nonnal ratio of tail-length and boch'-length. 
The preceding paragraphs have shown that the increased growth 
of skeleton affects the ligamentous as well as the cartilaginous 
and bony components, and that the chemical composition (per- 
centages of water and dry substance) also changes in a manner 
tending to assume the normal. 

The question naturally arises as to whether the skeletal growth 
during constant body-weight is merely a growth in mass, oi' is 
associated with the normal process of .differentialion. raring 
the present investigation a, few observations have been made uj)on 
the development of the normal skeleton, indicating some of the 
more obvious changes during the age-periods of tlie rats undov 
experiment, especially between the ages of three and ten weeks. 
While a detailed study of the developmental changes in the skej^^- 
ton is reserved for a separate paper, some preliminai*y con- 
clusions may be noted here. 

In skeletons of rats held at constant body-weigiit from the age 
of three to the age of ten weeks, the appearance and fusion of 
certain epiphyses may be noted as in the normal animal during 
this period, although in most cases the process appears to be 
retarded somewhat. The following examples may be citiM.l. 
In the normal skeleton at three weeks of age, the epijihyses at 
the ends of the vertebral bodies have not appeared : the epiphysis ' 
at the lower end of the humerus is well developed, but not fused 
with the shaft; the maxilla and mandible present each two molars 
(on each side), with no visible trace of a third. In the norrfial 
skeleton at ten weeks, the epiphyses at the ends of the verte- 
bral bodies have appeared, and most of them have united with 
the corresponding bones; the epiphysis at the lower end of the 
humerus is firmly fused with the shaft; well developed third 
molar teeth have appeared, both in the maxilla and in th^iandi- 
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ble. In the skeleton of a rat held at constant body- weight 
from three to ten weeks of age^ most, of the epiphyses of the 
vertebral bodies have appeared, and they usually have united 
at one end of each bone; the lower epiphysis of the humerus is 
firmly united with the shaft, as normally at ten weeks; well- 
developed third molars have appeared, as normally at ten weeks. 
In a rat held at constant body-w^eight from age of three to six- 
teen weeks, the skeletal differentiation was more advanced, 
corresponding at least to the stage reached nonnally at ten 
weeks, and in some respects perhaps even beyond it. 

These observations will suffice to establish the fact that the 
skeletal growth during constant body-weight is accompanied 
by normal developmental changes, as well as changes in chemical 
composition (percentage of, water). In other words, we find 
not only increase in mass but growth and differentiation appar- 
ently noimal in character, though somewhat retarded in rate. 
These skeletal characters therefore tend to correlation with age, 
althougli influenced also by the general body-weight. 

The remarkable fact that the skeleton continues to grow while 
tl^e body-^veight is held constant was apparently first observed 
by Waters (’08) who found that calves previously well nourished 
will continue to increase in height and in width of hip for a con- 
siderable time, even when increase of body-weight is prevented 
by under-feeding. He remarks (’08 b, p. 9) : 

Apf>arently the animal organism is capable of drawing upon its 
rt^siu've for (he purposes of sustaining the growth process, for a con- 
siderable time and to a considerable extent. Our experiments indicate 
(ha( after the reserve is drawn upon to a certain extent to support 
growth, the ])rocess eeases and there is no further increase in height 
or ill length of ])one. From this poin#ou, the animal’s chief business- 
scorns to be to sustain life. This law applies to animals on a stationary" 
live weight as well as to those being fed so that the live weight is stead- 
ily declining, and indeed to those whose ration, while above main- 
tenaiiee, and causing a gain in live weight, is less than the normal 
growth rate of the individual. Such an animal will, while g-aming in 
weight, get thinner, because it is drawing upon its reserve to supple- 
nienl the ration in its effort to grow at a normal rate. 

Aron (’ll) experimented with dogs to determine the effect of 
a restricted amount of food upon, young, growing animals. He 
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found that in spite of constant Vivo weight, the animals con- 
tinued to increase m length and height for three to five months. 
Thereupon the emaciated animals became weaker and died un- 
less the amount of food was somewhat increased. Prom a 
comparative study of nine bones (the entire skeleton was not 
measured), Aron concludes that the skeleton during constant 
body-weight increases in mass and also changes in chemical 
composition (increase in water-content and protein (?); decrease 
in fat). The results of this very interesting investigation, while 
sufficient to establish the continued growth of the skeleton, 
would be more conclusive if the number of observations were 
larger, with an adequate niimber of controls at the beginning 
and at the end of the experiment. In a recent paper, Aron ('14) 
records a few observations indicating that malnutrition in 
children retards growth in length less than body-weight; so that 
the body may continue to increase in length while lh(‘ body- 
weight is at a standstill, or e^’cn slightly tlecreasing, Tims the 
strong growth tendency of the skeleton during bare maiiiteiuiuce 
of the body-weight is manifest in the human species, as well as 
in the calves, dogs and rats. 


MiyscuLATiun' 


Although the musculature (table 8; fig. 4) in the nonnal rat 
at three weeks averages 26.9 per cent of the body, according 
to Jackson and Lowrey (M2), the controls in the present series 
gave a somewhat higher amount, the average being HI, 2 per 
cent. As shown in table 8, the musculature in the controls of the 
present series also average^ slightly higher than the noimal 
according to Jackson and Lowrey at six and ten weeks. In 
rats held at constant body-weight from the age of three weeks 
to six, ten and thirteen weeks, the musculature appears relatively 
very shortly higher than in the controls at three weeks. The 
apparent increase from three to ten weeks is from 7.40 grams 
(7.81 grams, less correction corresponding to the smaller body- 
weight at 10 weeks) to 7.62 grams, or an increase of 3.0 per cent 
HI absolute weight. In the three to sixteen weeks experiment, 
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TABLE S 


Thfi musculature; average absolute weight, average percentage of net body-weight 
and range indicated 


DLSCRII'TION OF RATS 

H 

% H 

6 ' 

\\ 

AB.SOLLTli WEIGHT 
(and R.A.NGE}: OKAUS 

RELATIVE weight 

(axd range): 

PF.R CENT 

NorrtiJil at 3 weeks (Jackson and I/oxvrey; 

13 

24 S 

fi (i7 

26.9 (20.1-30.2) 

Controls at 3 weeks 

10 

25,1 

7,81 {6.90-9.82) 

31.2 (29.5-35.3) 

Ii<|dy-weisht constant 3 weeks (age of 3 to 6 weeks; 

s 

22,2 

7.04 (5.51-8.05) 

31.8 (25.1-34.7) 

Rody-welglit corislaiit 5 weeks (age of 3 to 8 weeks} 

3 

2J.2 

6. 46 (5.68-7.70) 

32,1 (31.3-33.2) 

Ilodj -weiglit constant 7 weeks (age of 3 to 10 weeks; 

22 

23.8 ! 

1 7.62 t4.. 58-10. 87) 

32 0 (24.8-36.4) 

Kody-weigtit const ant 10 weeks tnge of 3 to 13 weeks; 

1 

25.5 

7.90 

31.0 

^ody-weight constant 13 weeks 'age of 3 to 10 weeks ; 

1 

25 0 ; 

7.50 

29,4 

\orinal at 0 weeks f Jackson and Lowrev) 

U 

04 4 ; 

! 21,10 

32.7 (26.1-35.3) 

Cotitrols at 6 w eeks 

2 

42.4 i 

! 14.90 (14,85-15.0) 

35 3 (35,0-35.6) 

Body-w ciglit eonstant 20 weeks <'age of 6 to32 weeks) 

2 

47.1 

1 16,90 fl5.30-lS.5) 

1 35.7 (34.8-36.6) 

Normal at 10 wt-eks fJackson arui Lowrey) 

10 

134 0 

I 55.10 

41.1 (37.1-49-1) 

Controls at lU weeks 

f) 

135 0 

55.80 (44,00-69,2) 

41.6 (39.3-44.5) 

Body-w eight eonstant 25 weeks (age of 10 to 35 weeks' 

i ^ 

77.8 

31 20 (30.10-33.9} ^ 

40.1 (39.7-40.7) 

Controls at 32 and 35 weeks 

i t5 

189 5 

81.20 ( 64.80-119.7) ■ 

42.6 (.39.0-50.3) 


TABLE 9 


and rtmainder ; average percentage of net body-weight and 


Dh-SCKlKnOV OK KATS 

h 
_ 0 

h 

tl 

if ^ 

^ LC 

c ^ 

a 

nEL.ATIVE WEIGHT OF 
VISCERA (AN'D RANGE) 
PER CENT 

relative weight of 
‘remaindek’ 

(and range) 

PER CENT 

Nnrniul at 3 weeks (Jacksfjn and Lowrev) 

13 

24 8 

21.3 (20.1-24.8) 

12.9 (4.0-19.9) 

Controls at 3 weeks 

10 

25.1 

20.5 (17,9-24.8) 

10.5 (2.6-15.6) 

Body- weight eonstant 3 weeks (age ol 3 to 6 w eeks) 

7 

^.1 

25.0 (20.7-29,2) 

13,6 (7.1-21.6) 

Roilj -weight const.ant .5 weeks (age of 3 to 8 weeks) 

2 

13.0 ; 

26,8 (25 0-28.5) ■ 

2.3 (1.9-2. 7)’ 

Body-weight constant 7 weeks (age ol 3 to 10 weeks) 

19 

24 0 

22.2 (19,4-26.0} 

10.0 (2.5-16.9) 

.Normal at 6 week.g {Jac-ksini and Low rev) 

14 

04 5 

20.4 (18,4-22.9) 

12.0 (6.5-17.1) 

Controla at 6 weeks 

1 

42 1 

19,6 

19.1 

Body-w’eight constant 26 w'ceks (agoof 6to 32 weeks) 

2 

47.1 

19.5 (19.1-10.9) 

16.4 (16.1-1G.7) 

Normal at 10 weeks (Jackson and LowTe^'; 

10 

130,5 

16.0 (14.9-17,2) 

12.5 (1.2-18.4) 

Controla at 10 weeks 

G 

135.0 

14.3 (13,0-15.7) 

13.6 (9,7-16.4) 

Body-weight constant 25 weeks (ageof 10to3o weeks) 

3 

77.8 

16.3 (le. 1-16.8) 

12.4 (9.7-13.9) 

Cotitrols at 32 tiiui 35 waeks 

i 5 

179.8 

12.9 (11.9-13.5) 

17.0 (13.7-19.5) 
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the average is slightly lower. In the six to thirty-two weeks 
experiment, the musculature appears very slightly higher than 
in the controls at six weeks, while in the ten to thirty-five weeks 
experiment, 'the musculature appears slightly lower than in the 
controls at ten weeks. In the latter case, however, the controls 
are too heavy for comparison with those under experiment. 

In general, it seems clear from the foregoing that in young 
rats held at constant body-weight the musculature also remains 
nearly constant in weight, with perhaps a ^'er^^ slight tendency 
to increase in the majority of cases. In the course of normal 
growth during this period, the musculature sliows a more ni])id 
growth than any other system, increasing from about 27 per cent 
of the body at three weeks to 41 per cent at ten weeks of age 
(Jackson and Lowrey). During inanition in adult rats, the 
musculature loses approximately in proportion to the entire body, 
slightly less in acute inanition and slightly more in chronic 
inanition (Jackson ’15 c) 

Aron (’ll) did not weigh tlie muscles in his experiments on dogs, 
but infers (p. 29) that: ^^Only the flesh, muscles and fat of the 
body remain as the tissues which must have lost during the course 
of the experiments.” From an analysis of samples taken from 
the leg muscles, he-also concludes, that ''^The muscles contained 
only one-half of the normal amount of solids,” the protein being 
greatly decreased and the water-content increased. Again, 
however, his comparison is with controls at the eml rather than 
the beginning of the experiment, so that no conclusion can be 
drawn as to the changes taking place during the experiment in 
the animals held at constant body-weight. 

VISCERA AND ^REMAINDER’ 

With the visceral group (table 9; fig. 4) have been included the 
brain, spinal cord and eyeballs, as well as the thoracic and 
abdominal viscera. According to Jackson and Lowrey ’12, this 
group decreases from about 21 per cent of the body at three 
weeks to about 16 per. cent at ten weeks of age. This is in fairly 
close agreement with the controls in the present scries, except at 
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ten weeks. In this case the controls arc considerably too heavy 
for direct comparison with the animals under experiment, which 
accounts for the discrepancy. 

In the animals held at constant body-weight from the age of 
three weeks to the ages of six, eight and ten weeks, the visceral 
group shows a distinct increase in weight. This is more marked 
at six and eight than at ten weeks, which perhaps indicates that 
the viscera may increase in the earlier part of the experiment, 
and lose weight later. The experiment from six to thirty-two 
weeks indicates no essential change in the weight of the viscera. 
From ten to thirty-five weeks there is a slight gain. 

On the whole, it may be concluded that during constant body- 
weight in young albino rats the visceral group as a whole under- 
goes but little change in weiglit, with a slight tendency to in- 
crease, especially in the earlier periods. As will* be seen later, 
however, the individual viscera differ greatly in their reactions. 

Aron ('ll) concludes that in young dogs held at nearly constant 
body-weight the organs in general do not lose weight. On 
account of the small number of observations, however, and 
the lack of adequate controls, it is difficult to draw any satis- 
factory conclusion from his observations upon the viscera. 

The ‘remainder' is obtained by deducting from the net body- 
weight the weight of the integument, skeleton, musculature and 
viscera. It therefore includes loss by evaporation and escape 
of fluids, as well as a few small unweighed organs and the masses 
of dissectable fat. The data in table 9 show a considerable 
variation, as might be expected. On the whole, howwer, it 
appears doubtful whether there is any material change in the 
weight of the b^emainder' in young rats held at constant body- 
weight for considerable periods. There is undoubtedly a loss 
in the fat, but this is probably counterbalanced by an increased 
water-content of the interstitial connective tissues. 
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BRAIN 

The brain (table 10) in eleven controls at three weeks of age 
averaged 1.282 grams, or 5.31 per cent of the (net) body-weight. 
This corresponds fairly closely with Donaldson’s (’OS) figure for 
the normal rat of corresponding weight. In the rats held at 
constant body-weight from the age of three to six and eight 
weeks, there appears (table 10) to be a relative increase in the 
brain, especially at eight weeks, where it forms 0.62 per cent of 
the body. In reality, however, this relative increase is only 
apparent, and due to the fact that these animals began the ex- 
periment at a lower body-weight, corresponding to which tiie 
brain is relatively heavier. The (net) body-weights of the t wo 
rats at eight weeks were respectively 18.1 grams and 17.8 grams. 
According to Jackson (T3, p. 22), the brain normally reaches its 
maximum relative weight of about 0.7 per cent of the body when 
the body-weight is about 15 grams. Thus the final brain-weight 
of the rats held at constant body-weight from the age of three to 
eight weeks of age is almost exactly that to be expected if the 
brain- weight has remained constant. 


TABLE 10 


Tiw brain; average abf-olute iveiykt, average percentage (>f net hofly-weight and range 

indicated 


Dt.HCKIPTlON or H\TS 

?? 

ll- 

Z 

AHSfii.r ri; wkiout 
(.\.NU K.ikN* ;!.;•; on . a Ms 

HKI.ATIVK WKIOHI' 

I'K.K CKNT 

Nonaal at 3 weeks {DonaMson 'OS, table 1) 

52 

25.0* 

1,285 

5 14 

Controls at 3 weeks 

11 

24.5 

1.282 (LIST 1 304) 

5,31 11 14-0 20; 

Body-weight wristaut 3 weeks (age of 3 to 6 weeks) 


22.1 

1.195 (1.03.5 1 297) 

5 41 (4 50 0 33) 

Body-weight constant 5 weeks (age of 3 to 8 weeks } 

2 

18.0 

1.183(1,180-1180) 

■ 0.02 iO RO H.flS) 

Bodj'-weight constant 7 weeks (age of 3 to 10 weeks) 

19 

24.0 

! 1,207(1,130-1.379; 

i 5.30(4.38 5.20) 

Xorinal at 6 weeks {Donaldson '08) 

•12 

•1.5.0* 

: 1.441 

3.20 

Control at 6 weeks 

1 

42.4 

1,373 

3.23 

Body-weight constant 2G weeks (nge of 6 to 32 weeks) 

2 

47.1 

1,478 (1,4.59-1 497) 

3.14 ■2 . 91) -3. 32) 

Normal at 10 weeks (Donaldson ’08} 

34 

75.0* 

1.559 

2.08 

Controls at 10 weekst ... 

G 

134.0 

1,. 570 {1.512-1,030.1 , 

1.21 iO.UU-1.44) 

Body-weight constant 25 weeks (age Ol 10 to 35 weeks) 

^ ; 

77.8 

1040(1.^,3-1.723^ i 

: 2 12 '2 02-2 IS) 

Controls at 32 and 35 weeks 

0 

189.5 

1.777 : 1.0,57- [.,890: 

0 97 ■0.781.24) 


* Gross body. weight, 

t Body-weight Ot controls at 10 weeks too liigii for coni[3ari307i. 
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The brain weight has also apparently remained nearly constant 
in the large group, hold at constant body-weight from three to 
ten weeks of age. The average absolute weight is slightly less, 
but almost in correspondence with the body-weight, so that the 
average relative weight, 5.30 per cent, is nearly identical with 
that of the controls at three weeks, the beginning of the experi^* 
meat. I n terms of absolute weight, there is a very slight apparent 
decrease from 1.274 grams (1.282 grams, less correction^ for 
difference in body- weight, which averages 24.5 grams in the 
three \veeks controls and 24.0 grams at ten weeks) .to 1.267 
grams, a dccrc^ase of about 0.5 per cent in absolute weight. 

In the series held at constant body-weight from the age of 
six to thirty-two weeks, there is an apparent slight decrease in 
the brain from about 3.23 per cent to 3.14 per cent of the body, 
and in the ten to thirt 3 "-five weeks series a slight increase (from 
2.08 to 2.12 |)er cent ) . Considering the small number of observa- 
tions and the normal variation, however, these apparent differ- 
ences do 'not appear to be significant. I would, therefore, con- 
clude from the data above cited that there is probably no appreci- 
able change in the weight of the brain in young albino rats held 
at constant body- weight for considerable periods. 

Hatai (’04) experimented with a scries of young rats with 
initial bod\"-wcights corresponding roughly to those of mine at 
the ages of six to ten weeks. By giving an unfavorable diet 
(starch and beef-fat) their body-weight was reduced on the 
average about 30 per cent. The brain in these cases had appar- ■ 
eiitly lost in absolute weight, the average loss being about 5 per 
cent. These results, however, are of course not directly com- 
parable with those in which the body-weiglit has remained 
constant. 

In a later experiment, Hatai (’08) by underfeeding with un- 
favorable diet retarded the growth of a series of five rats, begin- 

® It should bfi noted here as in other cases that the correction for organ-weight 
is not in exact i)roporUon to the difference in body-weight. Allowance must be 
made for the change inthe relative weightof the organ corresponding to the change 
in body-weight. 
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ning at the age of 30 days, so that at 170 days their average weight 
was only 91.5 grams, while full-fed controls averaged 140.5 
grams. By comparison with 'second controls/ younger rats 
of body-weight 'similar to the final weight of the stunted sei'ios, 
he found that in the stunted rats the brain-weight was ]n’acti- 
cally identical with that of normal rats of the same body-w(nght. 
In other words, the growth in brain- weight had been retarded 
in the same proportion as the body-weight. On this principle, 
if the body- weight were retarded so as to permit no growth at 
all, that is held at constant weight, we should exi)ect ])raetically 
no increase in weight of the brain. This is in agrocmoiit with my 
results, as above stated. 

More recently Donaldson (Tl) has experimented with a larger 
series (twenty-two litters) of rats held at nearly constant weight 
(3^ grams) from the age of thirty to the age of fifty-one days. In 
the rats held at constant body-weight , the brain weight {ivorag<Hl 
7.7 per cent less than in full-fed controls of the same litters. No 
direct controls were taken at the beginning of (he exj)ei-inieut, 
but from the normal growth fonnuhi it is estimated that the 
initial brain-weight was slightly less than that found in the 
retarded rats at the end of the experiment. This would indicate 
an increase of 3.6 per cent in the brain-weight, while the body- 
weight was held constant. The large number of observations 
lends weight to this conclusion, although it would be strength- 
ened if direct controls were available at the beginning of the 
experiment. 

It may be noted that if Donaldson’s normal (Wistar reference 
tables) rather than the direct controls be taken as the basis for 
estimating the initial brain-weight in my three to ten weeks 
series, the result would indicate a gain similar to that found 
by Donaldson in his series. On the whole, therefore*, we may 
safely conclude that there is but very slight if any increase in the 
brain- weight of young albino rats held at constant body-weight 
for considerable periods of time. 


the JOLRXAI, of KXi'KKIMKNT^!. ?.001-0(iV, VOL. 19, X!). 2 
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SPINAL CORD 

When the relative weights are compared with the controls at 
the beginning of the experiment (table 11), or with the theoreti- 
cal normal according to Donaldson (^08) there appears a very 
decided increase in the spinal cord at all the age-periods during 
the experiment. Thus while the body-weight has been held 
constant from the age i)f three to that of ten weeks, the spinal 
cord has apparently increased from an average of 0.179 to 0.243 
grams, an increase of about 36 per cent (or slightly more if the 
initial weight be decreased to correct for the difference of body- 
weight at three w^eeks, 24.5 grams, and ten wrecks, 24.0 grams). 
This corresponds to an increase from 0.74 per cent to 1.02 per 
cent of the net body-weight. The increases at the other age- 
periods are equally striking. 

Donaldson (Tl) in the experiments previously mentioned aiso 
found an increase in the weight of the spinal cord in rats held at 
body-weight of about 34 grams from the age of thirty days to 
that of fifty-one days. He does not estimate this increase exactly 
but from the normal weight of the cord at the beginning of the 
experiment (cf. Donaldson ’08, table 1) the weight must have 
increased from about 0.223 to 0.2498 grams, an increase of about 
10.7 per cent. While this is not so striking as my results (per- 
haps in part because my experiments covered a ^longer period of 
time) it agrees in indicating during constant body- weight a 
much stronger growth tendency in the spinal cord than in the 
brain. This is in agreement with the well-known fact that in 
general the normal post-natal growth of the spinal cord is rela- 
tively much more rapid than that of the brain. This growth of 
the spinal cord is apparently correlated with the increase in 
trunk-length (Donaldson). 

EYEBALLS 

An increase even more striking than that of the spinal cord is 
apparent in the eyeballs (table 1^). In rats held at constant 
body-weight from the age of three weeks, the eyeballs increase 
from a relative weight of about 0.50 per cent of the body-weight 
to 0.64 per cent at six weeks, 0.82 per cent at eight weeks, and 
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TABLE 11 


'i'he spinal cord; average absolute ^e€ight, average percentage of net bodg-iveight and 
range indicated 


DESCRIPTION' OF R.iTS 

n 

n 

Z' 

5 1 

.\BftOl.l-Tl-: WKIGHT 
( .<ND n.SNGt:) : nii.iMs 

* 

RKLATIVE AV EIGHT 
(.AND 

PKR C’E^T 

• 

Voraial at 3 weeks (Donaldson ’()8. table 1 ) 

47 

25 0*^ 

0.180 

0 72 

Controls at 3 weeks 

11 

21.5 I 

0,179 10.152-0.200) 

0 74 lO, 56-0. 89) 

Bml^'-weight constant 3 weeks (age of 3 tn fi weeks) 

6 

22.0 ' 

0.207 (0.149 -0 235) 

0.06 (0.63-1.25) 

Bod V- weight constant 5 weeks (age of 3 to 8 weeks) 

2 

18 0 

0.192 (0,188 0.195) 

1.08 (1.06-1.09) 

Body- weight constant 7 weeks (age of 3 to 10 weeks) 

19 

24 0 I 

0.243 (0.201-0. 314) 

1.02 (0.89-1 17) 

Voniial at 6 weeks (Donaldson '08) 

42 

45,0* 

0 254 

0.57 

Cnntrole at 6 weeks 

1 

42 4 

0,286 

0,67 

Body-weight constant 26 weeks (age of 6 to 32 weeks) 

2 

. 47 1 

0.399 (0.378-0.420) 

' 0.85 ((1 83-0 86) 

Normal at 10 weeks (Donaldson ’08) 

32 

75.0* 

^ 0.333 

0.44 

Controls at 10 w'eeksf 

6 

1.34,0 

0.422 (0.341-0 464) 

0,32 (0.27-0.39) 

Body-weight constant 25 w^eeks (age of 1 0 to 35 w'ceks)' 

3 

77.8 

0.520 (0.50(1-0.550) 

0 67 (0.64-0.69) 

Controls at 32 and 35 wrecks 

C 

189.5 

1) 003 (0 491- 0 007} 

0.3.3 (0.24-0.44) ' 


* Gross body-weight. 

t Body-weight of controls at 10 weeks too high for cornpariMn. 


TABLE 12 


The eyeballs; average absolute umghif average percentage of act Ix^dy-weight and range 

indicated, 


description of R.A.TS • 

H 

6 ^ 
z 

P 

.A.BSOI.UTE WEIGHT 
(.AND n.\NriE): gr.aws 

REL.VTIVE WEIGHT 
(.\ND RANOE): 

PER CENT 

-Normal at 3 weeks (Jackson ’13) 

24 

21.2 

0.105 (0.073-0.125) 

0.52 (0.31-0.73) 

Controls at 3 weeks 

10 

24. e 

0.120 (0.110-0.133) 

0 50 (0,34-0.69) 

Body-weight constant 3 weeks (age of 3 to 6 weeks) 

6 

22 1 

0.112 (0.138 0.149) 

0.64 (0,60-0.72) 

Body-weight constant 5 wrecks (age of 3 to 8 weeks) 

2 

18.0 

0.146 (0.145-0,146) 

0.82 {0,81-0.82} 

Body-w'cightconatant 7 weeks (age of 3 to 10 weeks) 

19 

24.0 

0.179 (0,130-0.196) 

0,76 (0.57-1.00) 

Normal at 6 weeks (Jackson ’13) 

42 

50.0 

0.153 (0.12,5-0.175) 

0.32 (0.18-0.40) 

Control at 6 weeks 

1 

42,4 ; 

0,152 

0.36 

Bodj’-weight constant 26 weeks (age of 6 to 32 weeks) 

2 

47,1 : 

0.240 (0.230-0.250) 

0.51 (0.50-0.52) 

Normal at 10 weeks (Jackson ’IS) 


75 0 

0.173 

0 23 

Controls at 10 weeks*.. . 

6 

134 0 : 

0.209 (0.195 0.228) 

1)16 (0,13-0.21) 

Bodj'-wciglit constant 25 weeks (age of 10 to 35 w’eeks) 

0 1 

77.8 

0,275 (0.249-0.323) 

0.35 (0.34-0.38) 

Controls at 32 and 35 weeks 

■ 5 

184.4 

0,260 (0.235-0.296) 

0.15 (0.12-0,17) 


* Body-weight of controls at 10 w’eeks too high for comparison , 
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0.70 per cent at ten weeks. In terms of absolute weight, the 
eyeballs have apparently increased from an average of 0.120 
grams at thn^e weeks to about 0.179 grams (no correction made 
for the slight difference in body-weight) at ton weeks, an increase 
of nearly 50 per cent! In the normal, full-fed rat at ten weeks 
faverage body-weight 112 grams) the eyeballs have reached a 
weight of only about 0**201 grams (Jackson ’13). At this rate, 
tlu? weight of the eyeballs at a normal body- weight of 75 grams 
(the body-weight indicated in table 12 as 'normal at 10 weeks.’ 
to correspond to the body-weight of the aninials held at constant 
body- weight from the age of ten to thirty-five weeks) would be 
only about 0.1 73 grams, or slightly less than that actually reached 
in the series held at constant body- weight of 24 grams from three 
weeks to ten weeks of age. The growth of the eyeballs in rats 
ht'ld constant from the age of six to thirty-two weeks, and from 
ten to thirty- five weeks, is equally striking. 

Xo data upon the growth of the eyeballs under these conditions 
have been found in the literature. I have shown elsewhere 
(Jackson T5 a, Toe), however, that the eyeballs lose but very 
little if any during iiianition in the adult albino rat. 

In connection with the astonishing growth capacity of the 
eyeballs in yofing animals at constant body- weight, the possi- 
bility that the growth of the eyeballs is somewhat independent 
of that in the body as a whole may be considered, which I have 
already pointed out (Jackson T3, p. 24). When the large water- 
content of the (eyeballs is considered (85.6 per cent in the rat at 
twenty days, according to Lowrey T3), it is, after all, not diffi- 
cult to comprehend the possibility of its continued growth, largely 
by water-absorption, when growth in the body as a whole is at a 
standstill. 

THYROID GLAND 

In young albino rats held at constant body-w^eight from the age 
of three weeks to six weeks, eight*^\^eeks and ten weeks, there is 
usually a well-marked loss of weight in the thyroid gland (table 
13). In the largest group, three to ten weeks, the thyroid has 
apparently decreased on the average from about 0.033 per cent 
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TABLE 13 

r> thyroid glafid; average absolute weight, average percentage of net body-weight and 
range indicated 


UESCRIPTION* OF RATS 

* 

£ ^ 

§ a 

? ’ 

X y. 

Ansot.cT]-: wkh;ht 

‘AS'O n WilKI: OHAMS 

KEI.A 

lA 

TIVK WEH1HT 
o'h UAN'lJh'): 

>KH 1 KM’ 

r'iijil at 3 week.s (.hu'ksort ’ISl . 

•:() 

\ IS. 7 

0 OOOtl ’,<) (11)31 (1 OKM ' 

0 03(1 

1 iO 01 S 0 041) 

iiron at 3 weeks . 

11 

i -l.ii 

0 0t(7s till'll •() (Ill'll 

(1 033 

; ^0 02'2 0 042) 

i v-wtiglit constant 3 weeks (age oi 3 1 o 

6 weeksl 3 

23.1 1 

0 (lt):)3 0 l)l).'>2 0 

0 02 

1 (0.022 0 024) 

ly-weiecht constant 5 weeks (age ot 3 to 

8 weeks) 2 

; IS.d 1 

0 0l)5S 0. 11017 ■[) ootis ' 

().{i:! 

' 0 02(1 0 038) 

iy-weiglit constant T tveeks (age of 3 t o 

10 weeks) IS ! 

! 21.! 1 

O .Otlo'l .() 01)31 o .oos; ■ 

(.1.02 

1 lit. 01(1- 0.03(1) 

niist !it 1(1 weeks (Jackson ’13) 

21 : 

i 

lU) 0 j 

0. 01115 .1) 01(10 1) OOO! : 

0 01 

1 id OOS 0.022) 


of the body to 0.025 per cent. Or, in terms of absolute weijj'ht, 
it has decreased from 0.0078 to 0.0059 grams, a decrease of 24 
per cent, (A slight correction should bo made on account of 
difference in body-weight.) No observations were made upon 
the thyroid gland in the experiments beginning at later ages. 

During acute inanition in adult rats, the thyroid gland aj^par- 
ently loses little or no weight; while in chronic inanition with 
an average loss in body-weight of about 36 per cent, the thyroid 
gland loses only about 22 per cent in weight (Jackson M5). 
There is some uncertainty as to the exact figur#^, howevei’, on 
account of variability and difficulty in dissecting out the thyroid 
gland in an accurate manner. The same, of course, hoUls tiTU‘ 
for the present series. 

THYMUS 

The normal thymus (table 14) at three weeks forms t).37 \wv 
cent of the net body-weight. This decreases, in rats held at 
constant body-weight, to 0.075 per cent at six weeks of age, to 
0.030 (exceptional?) at eight weeks, and to 0.040 per cent at ten 
weeks. In terms of absolute weight, the thymus has decreased 
from 0.091 grams at three weeks to 0.017 grams (loss of 81 per 
cent) at six weeks, and to 0.0094 grams (loss of 90 per cent) at 
10 weeks. No correction for tfte slight difference in body- weight 
has been made in these estimates. 

Normally at ten weeks of age the weight of the thymus should 
have increased to about 0.24 grams (0.30 grams in th(‘ controls). 



136 


C. M. JACKSON 


A maximum absolute weight of about 0,29 grams is reached by 
the average normal thymus about the age of 85 days (Hatai 
’14). At one year, it has undergone a complete age-involution, 
and forms only 0.02 per cent of the body-weight (Jackson ’13). 

That the, weight and structure of the thymus are marbedly 
affected by various adverse conditions has long been known, and 
the process of involution has recently been thoroughly investi- 
gated by Hammar and his pupils. Jonson (’09) experimented 
with young rabbits subjected to acute and chronic inanition. 
In the latter case, the diet was restricted so as to maintain the 
young rabbits at constant body-weight (similar to the present 
experiment with rats). Under these conditions, Jonson found 
the weight-curve of the thymus similar to that of the body-fat, 
although during acute inanition the fat decreases somewhat more 
rapidly. In young rabbits held at constant body-weight the 
thymus in four weeks is reduced to about one-thirtieth of its 
initial weight. The cortex suffers the greatest loss, being re- 
duced to one-twelfth of its initial weight within two weeks of 
chronic inanition at constant body-weight. It would therefore 
appear that the process of involution is much more rapid and 
complete in young rabbits than in young rats at the ages included 
in the present investigation. In both cases, however, the weight 
of the thymus in hunger involution decreases most rapidly in 
the earlier weeks of the experiment. 

HEART 

The heart (table 15) in the albino rats held at constant body- 
weight from the age of three weeks appears to have remained 
practically constant at about 0.70 per cent of the net body- weight 
up to the age of ten weeks. In absolute weight, the heart would 
apparently decrease from 0.167 grams (0.170 grams, less cor- 
rection for difference in body^weight) to 0.166 grams, a decrease 
of about 0.6 per cent, which is probably within the limits of 
experimental error. The very, slight decrease at six weeks and 
increase at eight weeks are also probably not significant. Simi- 
larly in the rats held at constant body-weight from six to thirty- 
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two weeks and from ten to thirty-five weeks the heart has ap- 
parently retained almost exactly its initial reiati^'e weight. The 
absolute weight therefore apparently remains unciianged (the 
differences in the table being due to different init ial body-weights) , 
During inanition in adult rats (Jackson T5 a, c) the heart 
likewise maintains its relative w^eight, losing in absolute weight 
nearly in proportion to the entire body (slightly more m chronic 
than in acute inanition) . 


TABLE 14 


The thymus; average absolute weight, average percentage weight and range indicated 


DESCHIPTIOX OF HATS | 

0 ^ 

= 5 

6 ^ 

V, 

K 

% ^ 

! 

AB80I-UTK WKIGHT 
(and HAXOK): ok AMS 

KEI ATIVF. WKIfJTII 

(AND range): 

I>EH CENT 

Normal at 3 weeks {Jackson T3) 

40 

18.7 

0,071 (0.034 0,135) 

0.37 (0 23 -0 65) 

Controls at 3 weeks 

11 

24 5 

0,001 (0.042 -0.123) 

0.37 (0.22 -0 51) 

Body- weight constant 3 weeks (age of 3 to 6 weeks) 

4 

22.7 ' 

0.017 (0.011 -0.022) 

0 075 (0,045-0.0101 

Body-weight constant 5 weeks (age of 3 to 8 weeks) 

2 

18,0 

0.0054 (0.0037-0.0071) 

0,030 (0,021-0.040) 

Do<ly-weight constant 7 weeks (age of 3 to 10 weeks) 

11 ) 

24 0 

0 (1004 (0. 0054-0 1)170) 

0 ,040 (O.OIO- O 062) 

Normal at 6 wrecks (Jackson ‘13) 

42 

.5(1.0 

0 lOS (0 052 -0 284) 

0.21 (0.14 -0,36) 

Normal at 10 weeks (Jackson ’13) 

42 

107 2 

0 24 (0.12 -0.44) 

0.23 (0 13 -0.35) 

Controls at 10 weeks 

6 

134,0 

0,30 (0 2.5 -0 34) 

0 23 ((l ift -0 ,29) 


TABLE 15 


The heart; average ahsalute, weight; average percentage of net body-weight and range 

indicated 


DESCUIPTION etF H 

u 

L 

c 

7, 

\ < 

X X 

if u 
> ft 

1 

.ABSOLVTE WEIGHT 

Ian' 1 ) rt.ANXB); ohams 

helative weight 
(and kanoe): 

PERCENT ^ 

Norma] at 3 weeks (Jackson T3) 

49 

18 7 

0 135 (0 nS2-0 250) 

0.72 (0.56-0.93), 

Controls at 3 weeks 

11 

24 ,5 

, 0 170 ft). 130-0. 245J 

0.70 {0.55-0.84) 

Body-weight constant 3 w'eeks (age ol 3 to 6 weeks) 

7 

22 1 

0.151 (0.123-0.187) 

0.68 (0.63-0.85) 

Body-weight constan 1 5 weeks (age of 3 to 8 weeks ) 

2 

18 0 

0 129 (0. i28-0, 130 i 

0.72 (0,72-0.72) 

Body-weiglit constant 7 weeks (age of 3 to 10 weeks) 

19 

24,0 

O.lWi (0.121-0 213) 

0.70 (0 55-0.83) 

Normal at 6 wrecks (Jackson '13) 

42 

50.0 

0.277 (0.183-0 .535) 

0 55 (0 44-0 08) 

Controls at 0 weeks 

1 

42.4 

0.237 

0.56 

Bo<ly-weight constant 26 weeks (age ot 6 to 32 w^eeks) 

2 

47.1 

0.271 (0,255-0 2S8) 

0.57 (0.57 0,58) 

Normal at 10 weeks (Jackson ’13),. 


75.1) 

0.375 

0.50 

Controls at 10 w'eeks* 

. « 

134.0 

0..5tj2 (0,489-0.087) 

0.44 (0.40-0.48) 

Btidj -weight constaiit25 weeks (age of lOto 35 weeks) 

3 

77.8 

0.380 (0.348-0,450) 

0,50 (0.47-0.52) 

Controls at 32 and 35 weeks 

6 

189.5 

0.873 (0 088-1.29) 

0.46 (0,37-0.56) 


‘Body-weight of controls at Ifl wccLs too high for comparison. 
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LUNGS 

Tilo lungs (table IG) in rats held at constant body-weight 
from the age of three weeks to the ages of six weeks and ten weeks 
appear to lose in weight. (The data at eight weeks are abnor- 
mally high, £fs noted in the table). Thus between the ages of 
three weeks and ten weeks, the lungs apparently decrease from 
1.04 per cent to 0.91 per cent of the body-weight; or in absolute 
weight from 0.250 to 0.218 grams, a loss o^ about 15 per cent. 
(A slight correction has been made on account of the difference 
in body-weight). In the few observations upon rats for longer 
peri(.)ds beginning at the later ages of six and ten weeks, there 
appears to be no material change in the weights of the lungs 
during the experimental periods. 

The lung infections frequently found in oi<^r and adult rats, 
ravi) ly occur before the age of ten weeks, and thus do not affect 
the present series. As Hatai has alread\’ noted, rats during 
chronic inanition appear to bo \inusiially free from lung infection. 

During inanition in adult rats, the lungs lose weight in about 
the same [proportion as the whole body, thus nearly maintaining 
their relative (percentage) weight. The loss is slightly greater, 
however, duringi chronic inanition (Jackson T5c). 

TABCE ID 


The hmgi<; avei'age abf^olule freight; nvernge pcrccnUigc of net body-weight and range 

in dir aid I 


DKSCltll’Tlo.N Ol'- 

2 

c ^ 

c ? 

a ^ 
a 

.•tBSOI.lTE WEIGHT 
(.VM) HA.Ntitj: OU AV.S 

UEE.VriVE WEIGHT 

(.VXD range); 

PER CENT 

Normal at 3 week?* (.luokr^on ’ 13 ’ 

4 P 

18,7 

0,216 ( 0 . 151 - 0 , 354 ) 

1.17 ( 0 . 86 - 1 . 46 ) 

Control:? at 3 

11 

24.0 

0.253 ( 0 . 201 - 0 . 290 ) 

1.04 ( 0 . 89 - 1 , 12 ) 

Body-wdglit {'onKtunt 3 weeks lagr of 3 to (i woeks) 

3 

20,9 

0.192 ( 0 . 190 - 0 . 197 ) 

0,92 ( 0 . 88 - 0 . 93 ) 

Rody-woiglit fori.stniil . 5 weeks (agf ot 3 t o S wen^k?) 

2 

18.0 

0 280 * (0 241 - 0 . 319 ) 

1 . 56 * (1 36 - 1 . 77 ) 

Body-wtaglitootistaiit 7 wooks (ago of 3 to 10 wooks) 

10 

24.0 

0.218 ( 0.170 0 . 282 ) 

0 91 ( 0 . 78 - 1 . 32 ) 

Norma! at 6 weeks (Jackson ' 13 ) 

39 

50.0 

0.333 ( 0 , 244 - 0 , 547 ) 

0.68 ( 0 . 58 - 0 . 94 ) 

Control at 5 weeks 

1 

42.4 

0.264 

0.62 

Body-weight constant 26 weeks uigc oi C to 32 weeks) 

2 

47.1 

0.319 ( 0 . 309 - 0 . 329 ) 

0.68 ( 0 . 65 - 0 . 70 ) 

Normal at 10 weeks (JacLsoii ’ 13 ) 


7 . 1,0 

0.49 

0.65 

Coal rols at 10 weeks 

0 

134 0 

0.74 (Of) 10 - 0 . 94 ) 

0 .56 ( 0 . 45 - 0 . 74 ) 

Body-w«‘iglit eoiistiiiit 8 .') weeks fjige of 10 to 33 wet'ksj 


77.8 

0.49 (0 390 0.601 

0 .C 3 (0 52 - 0 . 81 ) 


* I.UDgs in one case abnornuilb- lieavy on accouiu of iKi^t morlem t-onaestion. 
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LIVER 

The liver (table 17) in the albino rats held at constant body- 
weight from the age of three weeks to six, eight and ten weeks 
shows an apparent increase. This increase appears greatest 
in the shortest series, three to six weeks, increasing from 4.05 
per cent of the body-weight (in controls) to 5.89 per cent. lie- 
tween three and ten weeks the corresponding increase is from an 
absolute weight of 1<16 grams (1.20 grams, less correction for 
difference in body-weight; or 4.95 per cent of the body-weight) 
to 1.28 grams (5.25 per cent of the body-weight), or an increase 
of about 10.3 per cent in absolute weight. 

In the later and longer periods, howe^'er, there apttears to b(' 
a decided decrease in' the weight of the li\’er (six to thirty-two 
weeks and ten to tkirty-five weeks scries). This may b(^ due to 
the fact that the latter experiments (extended over a longer period 
of time, or it may be because they were l)egun at a later ag('. 
Wo may therefore conclude that in young albino rats held at 
constant body-weight there is, beginning at thix'c weeks, an 
increase in the weight of the liver (apparently greater at six than 
at ten weeks of age) ; while in rats l)cginniug the experiment later, 
at six and ten weeks of age (and extending over a longer ])eriod) 


TABLE 17 

The liver; average abwhUe weight, average perevidage aj net body-wcighl and range 
iiidieohff 


DESCRIPTION OF R\TS 

i 

i' i 

I 

.XRSOM TK WKK.Jir [ 
t.vND (Of.wis ! 

Hhi.MivE w Kir; Hr 

I K:\NGK) ; 

i'v:s<CKNT 

Nornuil at 3 weeks (Jackson ’13) 

4I> 


(J,.s7 to, 42 2.0,s) 

4 . 50 (;i.21-.5.S2j 

Controls at 3 weeks 

0 : 

21,5 

1 20 i-l.l)0-l.,?S) 

1.0, 5 .'4 .()3-(; (10) 

BoiJy-weightconptunt 3 weeks (age of 3 lo 6 week.s} 

7 

22 1 

1.30 0).JS0“1.<;3.> 

5.. S') (4,32-7,30) 

fJofly-weight constant 5 weeks (age of 3 to S w ceksj 

2 

is.o 

0.02 (!).7.N 1 00) 

.5.12 f4.3e-5.HS) 

Bo(Iy-weightcon?tant 7 weeks (age of 3 to 10 weeks) 

1!) 

24 (1 

1.2.S i().S0-l .f<2! 

5.25 (3.1)3-7.01)) 

.Xormal at (• weeks (Jackson ’13) 

4'J 

.50 . 0 

3 1!> I2.1-S-4 71)) 

0,4S !5.30'8 40) 

Control at 6 weeks 

1 

42.4 

■2. IS 

.5 1.5 

Body-weight constant SS weeks (age of 6 to 32 weeks l 

2 

■17.1 

2 33 i'2. 21-2. 4.5) 

4,14 

Xormal at 10 weeks (Jackson ’13) 


75.0 

4. 50 

0.00 

Controls at 10 weeks 

fi 

134.0 

R.72 ;'4.:)1 S.OO.) 

4.!)'.) (4. 28-, 5. 72) 

Ffody* weight constant 25 weeks (age of 10 to 35 weeks) 

3 

77. S 

3.11 (2 30-3.51) 

*4.25 (.3.91-4.74) 

f.ontcdls at 32 and 35 weeks, 

0 

ISO, 5 

7,27 

3.31 ! 3. 47-4. 14) 
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there is a decided decrease in the weight of the liver. Thus the 
liver would appear under these conditions to have a tendency to 
follow the normal growth-impulse, which increases to a maximum 
at about the age of six weeks, and decreases thereafter (Jackson 
T3,p. 31). 

During inanition in adult rats, the liver loses in w'eigTit rela- 
tively more than the whole body, and to a greater extent in acute 
than in chronic inanition (Jackson T5 c). ^ As the liver is nor- 
mally subject to great variationin weight, however, (Jackson '13) 
great caution must be obser\^ed in drawing final conclusions. 
Hatai ('13) found the weight of the normal liver distinctly higher 
than that in my series, and if his data instead of my controls 
were taken as a basis for the initial weights, the estimated losses 
in my experiments would be considerablji^ greater, even the 
younger rats showing a loss instead of a gain in liver-weight. 


SPLEKN 

Taking the controls at three weeks as a basis^ for com- 
parison, it appears that in rats held at constant body-weight 
from the age of three weeks to six weeks the weight of the spleen 
(table IS) remains practically unchanged (the average at 

TABLE 18 


The spleen; average absohitc iveight, average perceiUnge of net body-iveighi and range 

imUcaied 


UhifCKIPTION CtF RATS 

H 

M K 

^ a 

a 

absolute weight 
(. evD range): uu.am,s 

HEI.ATIVE WEIGHT 

(and range): 

PER CENT 

Normal at 3 weeks (Jackson ’13) 1 

40 

18.7 

0.055 (0.019-0,145) 

0 28 (0.15-0.42) 

Controls at 3 weeks 

i 

24.5 

0.091 (0.051-0.130) 

0 37 (0.27-0.48) 

Body-weight constant 3 weeks (uge ot 3 to fi weeks) 

' 

22.1 

0.087 (0,040-0.172) 

0.38 (0,18-0.72) 

Body-weight constant 5 weeks (age of 3 to 8 weeks) 


IS.O 

0.043 (0.03 (>-0,049) 

0.24 (0.20-0.27) 

Bo<l\ -weiKhl constant 7 weeks {age of 3 to 10 weeks) 

19 

24.0 

0 053 (0.033-0.076) 

0.22 (0.16-0.33) 

Normal at 6 weeks (Jjwkwjn T3) 

42 

50.0 

0,135 (0.086-0.204) 

0.28 (0.19-0.47) 

Control at 6 weeks 

1 

42.4 

0.107 

0 35 

Body-weight eonstai'.t 26 weeks (iige of 0 1 c» 32 « eeksl 

2 

47.1 

0.139 

0.29 (0.28-0 30) 

Normal at 10 weeks (Jackson '13) 


75.0 

0.225 

0.30 

Controls lit 10 weeks, 

5 

134.0 

0.350 (0.300-0,420) 

0,27 (0.21-0.36) 

Boily-weight weeks(ag( ot 10 1(»35 weeksl 

3 

77.8 

0.230 (0.230-0,240) 

0.30 (0. 27-0. 33) 

Controls at32and35 weeks 

6 

189.5 

0.620 (0,480-0.750) 

0 33 (0.29-0.39) 
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weeks being probably too high, on account of the inclusion of a 
litter with abnormally large spleens) ; while in the rats at eight 
and ten weeks there is a considerable decrease. In the case 
of the three to ten weeks series, the decrease would be from 
0.091 gram (0.37 per cent of the net body-weight) to 0.053 gram 
(0.22 per cent of the body-weight), or a decrease of nearly 42 
per cent in absolute weight. (No correction has been made 
for the difference in body-weight, which is 0.5 gram lower at 
ten weeks). If the normal relative weight of the spleen at three 
weeks (0.28 per cent, Jackson '13) be taken as a basis of esti- 
mate, however, the loss would appear considerably less. 

In the rats held at constant body-weight at later and longer 
periods (six to thirty- two weeks and ten to thirty-five weeks) 
there appears to be no appreciable change in the average weight 
of the spleen. It may be concluded therefore that in young 
rats held at constant body- weight beginning at the age of three 
weeks there is a marked tendency to a reduction in the weight 
of the spleen; while at later (and longer) periods the spleen ap- 
pears tb undergo no material change in weight. It must be 
remembered, however, that the spleen is normally one of the most 
variable organs in the body (Jackson ’13), and final conclusions 
should be correspondingly guarded. 

In adult albino rats during chronic inanition tlie average loss 
in weight is nearly proportional to that of the entire body, while 
in acute inanition the loss appears very much greater (Jackson 
’15 a, ’15 c). 

STOMACH AND INTESTIXKS 

The stomach and intestines, including mesentery and pan- 
creas, are considered both with contents (table 19 a) and empty 
(table 19 b). Considering first the empty canal, it appears in 
rats held at constant body-weight from the age of three weeks 
to increase from about 4.8 per cent of the body-weight to 8.0 
per cent at six and eight weeks> decreasing to 6.0 per cent at 
ten weeks. In absolute weight the increase w^ould be from about 
1.13 grams (1.20 grams less correction on account*of difference 
in body- weight) at three wrecks to 1.45 grams at ten weeks, an 
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increase of about 28 per cent. Between six and thirty-two 
weeks there is apparently but little change; while from ten to 
thirty-five weeks there appears to be a decrease in the weight of 
the alimentary canal. The number of observations, however, 
is too small for final conclusion. 

The most remarkable increase occurs between three and six 
weeks of age, from an absolute weight of 1.20 to 1.78 grams, an 
apparent increase of about 48 per cent in absolute weight! (The 
increase would be even greater if allowance were made for differ- 
ence in body-weight). Thus, as in the case of the liver and 


TAHLL 


The nitd (tvc'ra(fL' nhsolule weighl. orerfKje percentage oj net hody- 

v'eighl and range (ndiculcd 


in:s< Kll‘TH>N <»F 1< \T> 

Si 

§ ^ 

AHSOl.t.TK WKIOHT 

.\Nu h.\m;i:) : ok.vms 

HKI.ATIVK W'EIOIIT 
t.\ND K.A.XGE); 
I>ER CENT 

It, I/n liittini/ riifin Jiti 

Normal at 3 weeks {Jackson ’13) 

40 

IS.; 

1 7,S ^:() 74 3.08) 

* 

9,3 (5.5-15.5) 

Controls at 3 weeks 

11 

24.5 

2. .51 (1 96 3,33) 

10.4 { 7.8-15.4) 

Bo<ly-\^ tight ton.vtatit 3 w eeks (age oi 3 to 0 weeks) 

7 

22.1 

3.10 (1.67-5,07) 

13.9 (7.4-21.3) 

Bo(ly-weigliteon>(an1 .5 wi ek.s fage of 3 to S weeks) 

2 

is.o 

3.64 12,58-4.71) 

20.2 (4.5-26.0) 

Rody-weighteoiisl ant 7 week.s (agoul 3 t(j 10 weeks) 

19 

24,0 

3-29 i2. 20-6. 83) 

13.5 (10 3-20 2) 

Normal at (1 weeks (Jackson '13) 

42 

50.0 

8.05 (1 IS-I3.40) 

15 9 (10 6-23.4) 

Controls at (» weeks 

1 

42.4 

5.13 

12 1 

Body-weight constant 36 weeks (ageot il to 33 weeks) 

2 

47.1 

5.98 !4. 71-7. 24) 

12,5 (10.8-14.2) 

Normal at 10 weeks (Jaeksoii ’13) 


75.0 

G.OO 

12.0 

Controls at 10 weeks* 

^ \ 

134.0 

11.32 (8.82-14.49) 

8 3 ( 7.3-11 .2) 

Body- weight eonsta at 25 ^^eks(ageof 10io35 wcekel 

3 

77. S 

7.48 (5. 90-8. SI) 

9,6 ( 8.1-10.4) 

Controls at 32 and 35 weeks 

0 

1 1S9.5 

11.60 (7.51-11 1)4) 

7.4 ( 5,4-12.2) 

b. Emptii 





Normal at 3 weeks (Jackson ’13) 

16 

2U.0 

0 90 (0.37-1.61) . 

4.5{2,9-6.1) . 

Controls at 3 weeks 

10 

25.1 

1.20 (0.74-1.09) 

4.8 ( 3. It 6.7) 

Body-weightconstaiit 3 weeks (age of 3 to 6 weeks) 

7 

22.1 

1.78 (1.41-2.51) 

8.0 ( 6.3-11.0) 

Body-weight constant 5 weeks (age of 3 to 8 wee ks) 

2 

18.0 

1.44 (1.38-1.51) 

8.0 { 7.8- 8.3) 

Body- weight constant 7 weeks {ageol 3 to 10 weeks) 

19 

24.0 

1.45 (0.96-2.29) 

6,0 ( 4.5- 8.6) 

Normal at ti weeks (.laeksoii ’13) 


50.0 

4.00 

8,0 

Controls lit 0 weeks 

I 

42.4 

3.00 

7.1 

Botlj -weight constant 3fi weeks (age ot (> to 33 weeks) 

2 

47.1 

3.22 (2.85-3.59) 

6,8 ( 6,5- 7.0) 

Normal at 10 weeks (Jackson ’13) 


75.0 

5.30 

7.0 

Controls at 10 weeks* 

5 

I 127,9 

5.26 

4.3 ( 3,9- 4.9) 

Body-weight constant 25 weeks (age of 10 to 25 weeks) 

3 

; 77,8 

3.97 (3.48-4,35) 

5,4 ( 4,7- 5.9) 

Controls at 32 and 35 weeks 

Ct 

189.5 , 

9.16 (7.57-10,64) 

4,9 ( 4,1- 5.3) 


* Body-weight oi eontroU at 10 weeks too grtat for comparison witli ttiose held constant 10-3.5 weeks. 
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following the normal growth tendency, tliere appears to bo in 
these retarded rats an early increase in the weight of the ali- 
mentary canal, reaching a inaxiinum at about the age of six 
weeks, after which there is a decline in weight. It may be that 
the early increase in these organs is diminished later on account 
of the exhaustion of the stored food-sujiplies a^’nilable else- 
where in the body at the beginning of the experiinent. Individ- 
ual, organs and tissues differ greatly from each other in their 
relative susceptibility to attack and absorption at different times 
during the course of inanition. 

The behavior of the stomach and intestines weighed with 
contents (table 19 a) is very similar to that of the em])ty canal. 
Contrary to what might be expected, during constant body- 
weight, with a restricted food-supply (water ml libiium), the 
canal does not decrease in contents. On the contrary there is 
an increase in contents (watery or mucous in character) which 
may even exceed in relative weight the normal contents in full- 
fed aminals. The maximum occurred in animals lield at con- 
stant body- weight from the age of three to eight weeks, when 
the canal with contents formed 20.2 per cent of the body-weight! 
In experiments beginning at later ages and extending over longer 
periods (six to thiiiy-two weeks and ton to thirty-five weeks), 
the canal with contents appears to remain more nearly uniform 
in weight, with some tendency to decrease. 

During both acute and chronic inanition in adult albino rats, 
there is a very marked decrease in the ^^'eigIlt of thevstomach and 
iate.stines, both with and without contents (Jackson d.o a, To c). 

SUPHAUKNAL (I LANDS 

The suprarenal glands (table 20) from the age of about six 
weeks must be considered separately in the sexes, on account 
of a distinct sexual difference in their weight, as discovered 
independently by Hatai (T3) and myself (Jackson T3}. In the 
earlier ages, however, there is no apparent sexual difference, 
hence the sexes are combined. 
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TABLE 20 

The HUprurenal gltiurh; average ahnolute weight, average percentage of net hody-weigkt 
and range indicated 


DKftCRIfTtON <>¥ Ft ATS 

te 

f = 

£ ® 

iJ X 

.ABSOLUTE W'EJOHT 

(and r.anoe): gh.ams 

HEL ATIVB WBIUHT 

(and bangb) : 


®-S; 

i H 

PER CENT 


i 

3 A 




'A 

a 



Normal at 3 weeks* (Jackson ’13), 

49 I 

!8 7 

0 0072 (0 0040 0 0140) 

0 0400 (0 023-0 074) 

Controls at .3 weeks* 

11 : 

24 

0 0088 fO. 0060 0.0108) 

0 0370 (0.025-0,055) 

Body-weij^ht constant 3 weeks* (aReoi 3 to 6 weeks) 

7 

22 1 

0,0089 I'0. 0070-0. 0110) 

0.0400 (0.034-0.050) 

Body-weiRht constan 1 3 weeks ( age of 3 to 8 weeks) 

/ Ini 

18,1 

0 0109 

0 0610 

■ If 

17.8 

0.008S 

0.0490 

Body-weight constant 7 weeks (age of 3 to 10 weeks) 


25.2 

0.0101 (0 0072-0.0120 

0,0420 (0,033-0,052) 

1 12f 

23 3 

0 0117 (0.0090-0 0147) 

0 0510 (0.040-0,061) 

Normal at 6 weeks* (Jackson ’1.3) 1 

42 

50 0 

0,0128 '0.0070-0.0190) 

0,0260 (0.016-0.039) 

Control at 6 weeks 

If 

42.4 

0 . 0090 

0,0210 

Botly- weight constant 26 weeks fage oi 6 to 32 weeks) 

; Ini 

43.7 

0.010.5 

0,0240 

I If 

50. 0 

0,0090 

0,0180 

Normal at 10 weck.s (Jackson ’13) 

/ 20m 

117.0 

0 0220 ',0.01.50-0,0336) 

0.0185 (0.011-0.025) 

23f 

09.0 

0 0253 (0.0180-0.0329) 

0 0257 (0.017-0,03.3) 

Controls at 10 weeks 

' J 3m 

1.54 7 

0 0295 (0.0250-0.0326) 

0.0190 (0 017-0 023} 

1 3f 

114.0 

0 0318 ro. 0290-0. 0349J 

0 0280 (0 027-0 031) 

Body-weight constant 25 wefck3(age ot 10 to 35 weeks) 

/ 2 in 

1 

79.6 

74.2 

0.0i49 (0.0147-0,0150) 
0.0145 

0.0190 (0.011-0.020) 
0.020 

Controls at 32 and 35 weeks 

J 3m 

218.7 

0.0270 (0,0180-0.0310) 

O.OlOO (0.009-0.013) 


1 

100 3 

0 0320’(0.02SO-0.0360) 

0.0200 (0.017-0 024) 


* \(.i sexiiHl difliTctioo iip{tfiri;nt. 


TABLE 21 


The kidneys; average ah.’^olnte weight, average percentage of net body-weight and range 

indicated 


DESCKIPTIOji^ OF R.ATS 

A 

B 5 

Og 

< 

6 ^ 
y. 

X ^ 

r, 

a 

AB.SOI.ITE WEIGHT 
(.AND R ANGE); GH.AMS 

RELATIVE W’EIGHT 
(and RANGE) : 

PER CENT 

Normal at 3 weeks (Jackson ’13) ' 

49 

18.7 

0.271 (0.169-0.531) 

1,44 (1.19-1.87) , 

Controls at 3 w'eeks 

11 

24,. 5. 

0.393 (0.314 0-487) 

1.82 (1.33-2.16) 

Bo<l.v-weight constant 3 weeks (age of 3 to 6 weeks) 

7 

22 1 

0 396 (0.328-0.487) 

1 80 (1 46-2 05) 

Bodj-weight constant 5 weeks (age of 3 to 8 weeks) 

2 

58.0 

0 339 (0 331-0.347) 

1 89 (1 88-1.92) 

Body-weight constant 7 weeks (age of 3 to 10 weeks) 

19 

24.0 

0.404 (0.325-0.515) 

I.E9 (1.44-1.97) 

Normal at 6 weeks (Jackson ’13) 

42 : 

50,0 

0.616 (0,500-0.943) 

1,25 (1.00-1,55) 

Controls at 6 weeks 

1 

42.4 

0.570 

: 1.35 

Body-Avciglit constant 26 weeks (age of 6 to 32 wixiks) 

2 

47,1 

0.613 (0,581-0.645) 

1.30 (1.28-1,33) 

Normal at 10 weeks (Jackson ’13) 


75 . 0 

0 7,50 

1.00 

Controls at 10 weeks*. .' 

6 

134 0 

1.200 (0.953-1.481) 

0.91 (0.81-0.99) 

Body- weight constant 25 weeks (age of 1 0 to 35 weeks) : 

3 

77.8 

0.7.53 (0.728-0.784) 

0.97 (0,92-1.02) 

Controls at 32 and 35 weeks 

6 

189.5 

i 539 {1.275-1.909) | 

0.81 (0 71-0 86) 


* Controls too heavy for comparison. 
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In the rats held at constant body- weight from tlie age of three 
weeks the suprarenal glands appear to increase slightly in weight 
at six and eight weeks; and especiall}' at ten weeks, where the 
characteristic sexual difference has distinctly appeared. In 
absolute weighty the suprarenal glands ha\'e increased from 
0.0090 gram (0.0088 gram, plus correction for difference in body- 
weight; or 0.037 per cent of the body- weight) at three weeks to 
0.0101 gram (0.042 per cent of the body-weiglit) in the male 'at 
ten weeks, an increase of about 12 per cent in absolute weight. 
In the female, the corresponding increase is from 0.0084 gram 
(0.0088 gram, less correction for difference in body-weight) 
(or 0.037 per cent of the bod3Mveight) to 0.0117 gram (0.051 per 
cent of the body-weight), an increase of 30 per cent in absolute 
weight. Normally the suprarenals duriii^ this period are de- 
creasing in relative (percentage) weight. In the experiments 
at later and longer periods (six to thirty- two weeks a ml ten to 
thirty-five weeks), the changes are apparenth^ not great, but a 
larger number of observations is necessary before definite con- 
clusions can be reached. 

In adult rats during inanition there is little or no loss in the 
absolute weight of the suprarei^al glands, which therefore in- 
crease markedly in ^^lative (percentage) weight (Jackson ’15 a, 
’15 c). 

KIDNEYS 

The kidneys (table 21) in rats held at constant body-weight 
from the age of three weeks show a tendenc}" to in?rease which 
is more marked at six and eight than at ten weeks. Between 
three and ten weeks of age the increase is from an average of 
0.388, gram (0:393 gram, less correction on account of differ- 
ence in body-weight; or 1.62 per cent of the l^ody-wcight) to 
0.404 gram (1.69 per cent of the body- weight), an increase of 
only about 4.1 per cent in absolute weight. At later and longer 
periods (six to thirty-two \veeks and ten to thirty-five weeks) 
there is apparently but little change in the weight of the kidneys. 
The slight differences shown in the table are probably^ not 
significant. On the whole, it appears that in young rats held at 
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const lint body- weight there is a slight tendency to increase in 
the weight of the kidneys, in the earlier weeks, but little or no 
apparent difference later. 

In adult rats during acauo and chronic inanition, the kidneys 
lost? in weight relatively slightly less than the body as a 
whole, therei)y gaining slightly in relative fpercentage) weight 
(Jackson do c). 


'ri:sTKS AND I-.PIDIDVMI 

d'he w(Mghts of testes and epididymi unfortunately were not 
se])arated in some cases, which (together with their variability 
and th(^ small nimi])er of observations) makes conclusions some- 
what difficult. For the testis (table 22 a), the clearest case is 
in rats held constant from tlu'ee to ten weeks of age, in which 

'I'ABLl-: 22 


The listf K intt] ( (tn rnge. nUi^ohde weight, nvenige percentage of ncthodxj-U'eigid 
and range indicated 


IM l(ll'[inN (iK HATS 

y. 


absiji.' tk wraoHT 

AN1> HAV .K): ORAMS 

HELATIV E WEIUH r 
(AXD RAXGEj; 

I'ER CENT 

' fi. YV'.</ct! 

Xnriual ;if wci'k?* (Ifuiai ’lo} 


20 O' 

0 . 000 

0.45 

N'onii.'ii at :i weeks (inel. epididymi i i.laeksoti ’Ki,' 

24 

21 2 

0 134t iO 07(:-0 224) 

0 63* (0.53-0 78! 

Controls at 3 week^ 

fi 

25 0 

0.144 iO. 114-0.200) 

0.57 (0.49-0.62; 

Body-weiglit com taut 3 wA'cks (asie of 3 to f. \Ti'cks<) 


22.1 

0.133t (0.120-0 137) 

0,66* (O.C.5-0.671 

liody-wciglif c<inh;(;uit a weeks of 3 1 o ^ wi eks j 

1 

18.1 

0. 1761 

0.98* 

Bo<ly-weight constant < weeks 'iigi ot 3 to 1(.( weeks) 

7 

25 2 

1) 103 iO.lOfi-0 331) 

0.74 (0 40-1 0-5) 

N'onnal at 6 weeks {llatai ’13) 


.50 O' 

0.402 

0.80 

Normal at fi weeks Oaekson *13) 

20 

40 n 

0 .5021 <0 3(>8-0 0,58) 

1 10* (0 88 1 72! 

Body-wciglit constant 2ti weeks fnge ot fi to 32 e\ ceks i 

1 

43 7 

0.370( 

0.84* 

Nerrmal at 10 weeks (Uatai ’13) 


70. D' 

0.774 

Ml 

Nmnial at 10 week.^ Macksoii ’13) 

20 

117.0 

l.T47t (0,678-2.62) 

1,51* (0.63-2.41) 

Cotitrols at 11) weeks 1 

3 1 

154 7 

1 8,50 ,1.608-2.10) 

1.21* (1.06-1.40) 

Body-wo'ght consta nt 25 wceksi nee oi 1 (| (o 3') w ivks’ 

2 ! 

1 7!).fi 

1 204-t (1 101-1 188) 

l.()2* (1 61-1 (Ml 

CoMiols at 32 and 35 weeks 

3 ■ 

21H.7 

1 8441 (1.766-1.5)32) 

0.84* (0 74-0 DO) 

h. E piti tihj >i> i 

ated) 




Noru.al at 3 weeks (Jackson ’13) esrin. 

20,0 

0.2U0 (?) 

O.IO (?) 

(^oiil rols at 3 we'eks 

i f) 

25.0 

0.0209 (0.0002-0.0246 

0.084 (0.039 0 1231 

Body-weiglit eonstaril 3 weeks utge oi 3 to fi wa eks) 

1 

23.6 

0.0144 

0.061 

Body- weigliT constant 7 weeks 'atieof3to lOwe-eks i 


25.2 

0 0200 i’O 0084-0.0360) 

0,080 (0.040-0.115) 

Coat rols !U 10 weeks j 

3 

1,54.7 

! 0.4700 (0,4480-0,4920) 

0.310 (0.290-0.330) 


* Ornss bo(iy-\vt'if:lit. 
t Including I'piditlyiiM. 
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there is an increase from 0.144 gram (0.57 per cent of the body- 
weight) to 0.193 gram (0.74 per cent of the body)^ an apparent 
increase of 34 per ^ent in the abs(Aite weight. (The average 
net body-weight was about the same in both cases, 25.0 grains in 
the controls, and 25.2 grams at ten weeks). 

For the epididymi (table 22 b), the concfusions are even more 
uncertain; but there appears to be a slight loss in the relative 
weight of the epididymi in rats held at constant body-weight from 
the age of three to six and ten weeks. 

For testis and epididymis combined (table 22 a) there appears 
to be an increase in rats held at constant bodj^-weight, excepting 
the period from six to thirty-two weeks. 

While no final conclusions can be drawn, the evidence indi- 
cates that in young rats held at const aiilt body- weight there is 
an increase in the weight of the testis, but not in the epididymis. 

During inanition in adult rats, the testes and epididymi ap- 
parently lose weight in about the same proportion as the entii-e 
body (Jackson T5 c). 

OVARIJ'S 

In rats held at constant body-weight from three weeks to ten 
weeks of age, there would appear to be a decrease in the wcuglit 
of the ovaries^ (table 23) from O.OOHG gram (0.0068 gram, less 
correction for difference in body-weight; or 0.027 per cent of the 

TABLE 23 


The ovarief.:; average absolute weight, average percentage of net fmig-arighl and range 

'indicated 


UESCHIPTIOX or RATS 

5 2 

C ^ 
z. 

^ e 

5s - 

f- 

§2 

ahsolvtj: weight 
(and RANGE; : GK.tMK 

HEI.ATlVii WEIGHT 

fAND kas<h;J: 

Plill CENT 

1 

Normal at 3 weeks (JacLsori ’13) 

24 , 

1G,2 

0.003fp{0,0nia-0 0007) 

0 0220 (0.011 0.03!)) 

Controls at 3 weeks 

5 

24.5 

0,0068 (0.0020 0.0104) 

i 0 0270 (0.012-0.034) 

Body-weight constant 3 weeks (age oi 3 to S weeks) 

3 

22.4 

0.0007 (0,0048-0 0084} 

0 0300 (0.020-0.038) 

I^dy-weight constant 7 weeks (age ot 3 to 10 woekf,) 

12 

23 3 

0.0048 (0.0030-0.0064) 

0.0210 (0,012-0.028) 

Normal at 6 weeks (Jackson ’13) 

20 

o4.9 

0.0106 (0.0050-0.028) 

0,0216 (0.012-0.035) 

Norma! at 10 weeks (Jackson ’13). 

Controls at 10 weeks 

23 

08.8 

0.0350 (0.0100-0.070) 

0,0340 (0.013-0.055) 

3 

114,0 

0.0337 (0.0297-0.038) 

0.0290 (0.027-0.033) 


the JOUKKAL op EXPERIMEXTAI. ZUOLOOV, VOL, 19, xo. 2, 
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body-weight) to 0.0048 gram t0.021 per cent of the body- weight). 
This would indicate a decrease of about 27 per cent in absolute 
weight. The o\'ary, how^e’fer, is an organ w^hich (like the thyroid 
gland) is quite variable and somewhat difTicult to dissect out with 
accuracy, so a much larger number of observations wmuld be 
required for a final conclusion. 

ilVFOPUYSlS 

♦ 

In. the hypophysis (table 24) there is normally a sexual differ- 
ence in \veight, obseiw able in rats above 50 grams in body- weight 
(Ilatai T8). As in the case of the suprarenal glands, the hypo- 
physis normally becomes relatively heavier in the female. 

In the rats held at constant body-wxight from the age of three 
weeks to six weeks, there is w’hat appears to be a sexual differ- 
ence, the one male with a hypophysis of 0.0016 gram (0.0068 
per cent of the body- weight), wiiile the tw’o female hypophyses 
each wx'igli 0.0018 gram (0.0079 per cent of the body-weight). 
These are probably mere accidental variations, however, as in 
the three to ton weeks series the difference in the relative weight 
is insignificant {0.0084 per cent of the body-^veight in the males, 
and 0.0086 per cent in the females). In any event, however, 

TABI.K 2\ 


The (nri'<mv imijht, (ircr 

rurtije itidii 

age percentage oj net 
a ted 

hadg-ieeight a rat 

1)KS< ini'TlMN- Ol- CATS 

'' ^ 

i 

if N 

•ABSOU Ti: WKIGHT 
(.AND K.ANOKl: «R.A.\IS 

HK1,.ATIVK WCIiaiT 

(.AND r.axi;k; 

PER CE.vr 

Xnriiiiil at S wT't'ks* ( Ifafui 'i;^) 


2.3. Ct 

0.00175 

0.0070 

Controls at 3 Avt-oks* 

y 

2.5 5 

U 0(I17» (0.0012-0.0022) 

0.0070 {0. 00.52-0. OtiS. 

Bod y-Aveieht constant 3 weeks (ape of 3 to 0 weeks) 

[iiii. 

\2t. 

23.0 

0.0016 

0.0018 

0.0068 

0.0079 to. 0076-0. OOv' 


I Tin. 

23.2 

0.0021 (0.0010-0.0024) 

0.0084 (0.0057-0 0! Ill 

liodA -wcipht constant 7 weeks (ape of 3 to JO weeks) 

llll. 

23.6 

0.0020 (0.0010-0.0033) 

0,0086 (0.0043-0 Olio ■ 



i;?n.o 

0 0054 

0.0042 

.\ormaI at 10 weeks (Hatai ’13) 

\f. 

130 0 ' 

0.00S4 

0-006.5 


/3m, 

134.; 

0,0062 (0,0059-0.0067) 

0.0040 (0.0038 O.OM.' 

Conirols at 10 weeks 

(af. 

114.0 , 

0,0054 (0,0046-0.0067) ; 

0,0048 (0.0040-0 OlW:'' 


* Xo sr\v.;il iHffonnioi’ iippannit. 
t (’.rosj body-ivcif'ht. 
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there appears to be a distinct tendency to an increase in the 
weight of the hypophysis in rats held at constant weight from 
three to ten weeks of age. In absoiute weight, this corresponds 
in the male to an increase from 0.00178 gram to 0.0021 gram, 
an increase of about 18 per cent. In the female, the corre- 
sponding increase is from 0.00168 gram (5.00178 gram, less cor- 
rection for difference in body-weight) to 0.0020 gram, an increase 
of 19 per cent. 

As already shown, the suprarenal glands differ from the hy- 
pophysis in that they undergo a marked sexual differentation in 
weight during their growth while the body-weight is held con- 
stant. The impulse to sexual differentiation in these glands 
therefore appears stronger in the suprarenals than in tin' h>- 
pophysis. Final conclusions should be guarded, however, until 
a larger number of observations is available. 

In the adult rat during inanition the weight of the hy])o])hysis 
decreases in nearly the same proportion as tin' body-w(Mght 
(Jackson Toe). 

i)is(’rssi()x 

With reference to their growth tendency in young rats held 
at constant body- weight, the organs may be divided into three 
classes: (1) Those in which the growth tendency is so strong that 
they continue to increase, e\ en when the body-weight is held 
constant; (2) those which approximaUJy hold thei]- weight con- 
stant under these conditions; and (3) those which arc unable 
to maintain themselves and lose in weight. 

According to this scheme, the organs in rats held at constant 
body-weight from the age of three to that of ten weeks are 
grouped in table 25. No grou[)iiig of this sort can l)e entirely 
satisfactory, because in some cases organs are intei'inediate in 
position, and especially because (as has been shown) in many 
cases the weight of an organ will \'ary accni'ding to the age at 
which the experiment was begun and the length of the period. 
P'or example, the liver, which in the thrce-to-teii weeks experi- 
luerit shows but a slight gain, shows a hirgei’ gain at earlier times, 
and a loss at later and longer periods. 
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On the whole, however, the grouping suffices to give a good 
view of the results, (koup I shows the organs with marked, 
growth tendency to be the skeleton, eyeballs, spinal cord, ali- 
mentary canal, testes, hypophysis and suprarenal glands. Group 
II, which approximately maintains constant weight, includes the 
musculature, brain, heart, kidneys and liver. Group III,’ those 
which fail to maintain their weight when the body-weight is held 
constant, includes the integument, lungs, thyroid gland, ovaries, 
spleen and thymus. 

In tfie same table 25 fgr convenience of compaHson are also 
grouped the \’arious organs of the adult rat according to their 
relative loss in weight during chronic inanition (Jackson ’15 c). 

TABLE 25 

Coviparhon oj groxeik iendexicy ixi young rats held at constant body-xveight froxn age of 
three to ten weeks with tendency to niaixitenance in adult rats during chronic inani- 
tion. The, figures indicate the apparent average percentage gain or loss in absolute 
iveight during the, period of experiment 



unorp I 

GROUP 

II 

1 

.GHocp m 


i Marko<i tendency 

to growtii in 

Weight nearly con- 

Marked loss in 

1 weighi 


vonng liohl at constant ijodv- 

slant in young held 

in vuung held constant 


W(‘lgilt. 


at constant body- 

bodv-weight. 



.'^troi gt<‘nclciic\' to maintenance 

weight. 


Relative loss 

greater 


in adult chronic inanition 

Relative loss sim- 

than that of entire bod\’ 




liar to tliat of entiro 

during adult chronic in- 




body during 

adult 

anition 





chronic, inanition j 





per cent of 

1 

per ce7tt 


per cent 



cfiange 


of change 


of change 


Vycballs 

+50.0 

liver 

+10.3 

lungs 

-15.0 


’spinal cord 

+3f).0 

’kidneys 

+4.1 

thyroid gland 

-24.0 

i 

testes 

+34.0 

’musculature 

+3.0 

ovaries 

-27,0 

Young at constant j 
Ixxly eight. . . 

'skeleton 

+2K.0 

brain 

-0.5 

integument 

-36. D 

alimentary canal 

+28.0 
[M. +12.0 ' 

’heart 

-0.6 

.spleen 

1 thymus 

-42.0 

-90 D 


'.suprarenal glands 

\f. +39.0 , 





hypophysis 

IM. +18.0 1 
[y. +19.0 





. 1 

’skeleton 

, +1.8 

hypophysis 

-25,3 

liver , 

-43.0 

Adults during 

’spinal cord 

-4.0 

’kidneys 

-26.8 

alimentary canal 

—57.0 

(d ironic inanition 

*e\ehall.s 

— 5 8 

, spleen 

-29.0 1 



;io.ss of body- • 

brain 

• --6.6 

’heart 

-32,8 



weight 3(J per 

’suprarenal glands 

-8.9 

integument 

-38,5 



cent) 

thyroid gland 

-21.8 

lungs 

-40.0 




thymu.s 

(?) 

testes 

-40,3 






’musculature 

-40.8 




‘ Indicates correspondence between the groupings in young and adult series. 
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This Gn 3 »bl 6 s us to answer thG Quest ion. ns to whether the organs 
in young animals held at constant body-weight (and thus sub- 
jected to a chronic inanition) behave in a manner similar to 
adult rats during chronic inanition. In many cases, the group- 
ing shows an agreement. The skeleton, eyeballs, spinal cord and 
suprarenal glands have a strong growth tendency in young held 
at constant body-weight, and also a strong tendency to main- 
tain their original weight in adults subjoeted to chronic inani- 
tion. The musculature, heart and kidneys approximately# main- 
tain their weight in young held constant, and maintain their 
relative weight in adults during chronic inanition. In the juajor- 
ity of cases, however, the behavior of organs in the yoiiug differs 
materially from that in the adult. Thus the alimentary canal 
has a marked growth in the young at constant weight, yet it 
loses heavily during adult inanition. The converse is apparently 
true of the thyroid gland. To a greater or less degree, this 
inconsistency is seen in the case of most of the organs, as is 
evident from ta;ble 25. 

This inconsistency is perhaps to be explained in the following 
manner. In the adult during inanition the various organs lose 
weight relatively in inverse ratio to the ability of their cells to 
extract nutrition from the diminishing fpiantity available in the 
surrounding medium and to maintain equilibrium under these 
adverse cpnditions. In the young animal held at constant body- 
weight, the conditions differ in that the corresponding cells have 
the capacity not only to 7namtain themselves, but to f/rov\ The 
growth capacity, as is well known, is different from and to some 
extent independent of the maintenance capacity. The adult 
has lost the capacity to grow, whereas the young animal has 
both the powers of growth and maintenance. Hence their organs 
behave differently during inanition. The alimentary canal, for 
example, apparently has a strong growth tendency, but a weak 
power of maintenance. 

It is further evident, however, that even the growth capacities 
of the various tissues and organs differ relatively from each other 
under different planes of nutrition. Thus under normal con- 
ditions of growth m the rat between three and ten weeks of age 
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tho ftiUHcular system shows the strongest growth capacity, and 
increases with greater relative rapidity than any other system 
(Jackson and Lowrey). The skeleton is of course growing stead- 
ily, hut at a much slower rate, so that it is decreasing in relative 
(percentage) weight. Under the adx'erse nutritive conditions 
in yo\ing animals when tlie bod)^-weight is held constant, how- 
ever, the musculature is barely able to maintain its weight, 
wliile the skeleton is able to absoib more than its share of the 
availaWc nutrition, and to grow steadily (though at a retarded 
rate). There are similar differences among many of the indi- 
vidual organs, though in some cases (e.g., liver, alimentary canal) 
there is a certain degree of parallelism betAveen the normal growth 
tend<Micy and the behavior Avhen the body- weight is held con- 
stant at corresponding periods. 

That also the ])ower of maintenance may vary in organs 
according to the nutritional conditions is shown by the char- 
acteristic differences in the losses of organ-weight in chronic 
inanil ion as cornijared with acute inanition in adults (Jackson 
T5a, ’15 c). 

Finally, it should be remembered that the results of the 
present paper, as w ell as those concerning adult chronic inanition 
in a previous paper (Jackson T5 c), are based upon the use of a 
diet wiiolesome and balanced, but insufficient in quantity. It 
is probable that more or less different results wmuld follow 
from other forms of inanition, such as ‘partial inanition’ from a 
chemically defective or highly unbalanced diet. For example, 
Hatai (To) finds a pronounced atrophy of the testis and other 
characteristic changes in albino rats w'hose growTh had been 
retarded by a ‘lipoid-free’ ration. Bowdn (’80), however, in 
dogs and rabbits fed diw^ food only (no water) found, with a 
loss of about 50 per cent in body-w^eight, the losses in organ- 
weight similar to those folloAving total hunger. 
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SUMMARY 

The principal results of the present paper may be summarized 
In-iefly as follows: 

Young albino rats may be held at constant body-weight for 
considerable periods by underfeeding. The amouni of food 
recpiired for this purpose decreases as the experiment iirocceds. 

As to the body-proportions, the relative weights of the liead, 
trunk and extremities remain practically unchanged during the 
experiment. There is apparently a slight increase in tlie head, 
counterbalanced by a corresponding decrease in the trunk and 
extremities, but the change is so slight as to seem of doubtful 
significance. 

Of the systems— integument, skeleton, musculature, viscera 
and h’emaindcr’— there is but little change in the weights of the 
musculature, visceral group (as a whole) and 'remainder.’ Idiere 
is, however, a marked decrease in the n eight of the integument, 
counterbalanced by a marked increase in the skeleton. Thus on 
the low plane of nutrition in the young body maintained at con- 
stant weight, the growth capacity appears weaki'st in the skin 
and strongest in the skeletal system. This is in striking contrast 
with the normal growth process of corresjionding ages, during 
which the musculature increases noth relatively great ra])idity 
and the skeleton lags behind relatively. 

The increase in the skeleton during constant body-weight 
appears to involve the ligaments as well as the cartilages and 
bones. The skeletal growth tends to proceed along the lines of 
normal development, as indicated by decrease in tlie water- 
content, and b>’ formation and union of various epiphyses. 
Another evidence of the tendency to normal development of the 
skeleton is seen in the increased relative length of the tail as 
compared with the body-length. The teeth also continue to 
develop normally (formation and eruption of the third molars). 

The individual viscera may bo classified in three groups: 

fl) There is during the maintenance of constant body-weight 
in young rats a well-marked increase in the weights of the eye- 
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balls, spinal cord, alimentary canal (both empty and including 
contents), testes, hypophysis and suprarenal glands. The 
suprarenals undergo sexual differentiation in weight (as occurs 
normally), but the hypophysis apparently does not. 

(2) Theie is no marked change in the weights of the brain, 
heart, kidneys and epididymi. The liver is variable, showing a 
definite increase in the earlier periods, but a decrease later. The 
lungs show a slight decrease in the early periods, but ^t in 
later. 

(3) There is a well-marked decrease in the weights of the 
thymus (^hunger involution’), spleen, thyroid gland and ovaries. 

When the organs are similarly grouped according to degree of 
loss during chronic inanition in the adult (slight loss, loss pro- 
portional to body, and loss greater than body), many differences 
are found on comparison with the corresponding groups in the 
young dumng constant body-weight. This is explained as due to 
to the presence of both the growth tendency and the (more or 
less different) maintenance tendency in the young animals, 
whereas in the adult there is only the tendency to maintenance. 
Both the growth tendency and the maintenance tendency, 
however, sIioav characteristic differences in the various organs 
according to nutritional ’conditions (normal nutrition, acute or 
chronic inanition). 
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I. IXTKODUC'TrOX 

The theoretical bearing of the work of Johannsen u])on pure 
lines was not widely appreciated by students of heredity for the 
first few years after its publielation; the general applicability of 
MendeVs law had not been shown and, lienee, the genotype 
conception was without the support since gained from the evi- 
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dence bearing upon the stability of the unit character. The 
first attempt to test the general application of Johannsen’s 
conclusions was made by Elise Hanel. In 1908 she published 
the results of two years of experimental study of inheritance in 
the asexual reproduction of the fresh-water polyp, Hydra grisea, 
and drew conclusions which were quite in accord with the results 
obtained with self -fertilized lines of beans. ’ Her results were 
soon called in question, however, by the work of Hase (’09) 
and the criticisms of Pearson (’10), who obtained such con- 
flicting results that a re-investigation of the subject became 
necessary. The results of such a renewed, independent study of 
\'ariation and inheritance in Hydra are presented in the present 
j^aper.^ In order to make clear the questions at issue and the 
bearing of the results presented here upon these and the general 
problems of genetics, it will be necessary to review briefly the 
work of Hanel and the criticisms raised against it, especially as 
the latter are complicated and not clearly valid. 

licfore this is uadertakon, however, some explanation of the termi- 
nology of the present paper may not be out of place in view of the past 
confusion in genetic literature, Johannsen (T8), following Shull, 
has employed the word Vdone’ to describe a. family descended from a 
single individual by asexual reproduction. The name 'biotype’ applies 
to any group of organisms which show the same hereditary constitution 
(‘genotype’). In the statistical terminology the distribution’ is the 
natural arrangement of individuals showing variation (Variates’) in 
classes. The hneaiv is the arithmetical average of the variates. The 
'standard deviation’ (j) is an expression of the average extent of variation 
from the mean slfcwn by the variates. The ‘coefficient of variation’ 
expresses the average percentage of variation from the mean in terms 
of the mean as unity. The 'coefficient of correlation’ (r) represents 
an arbitrary measurement of the average degree of resemblance be- 
tween correlated members of two series of variates. The 'coefficient of 
regression’ {R) expresses the average extent to which the variations of 
one series follow the variations of the correlated series. 

The nomenclature of tiic gen\is Hydra has been subject to frequent 
changes. The names which have been used most frequently by ex- 

^ This was undertaken at the suggestion of Prof. H. S. Jennings, to whom I 
wish to express my indebtedness for his aHistance and kindly criticism during 
the course of my work. I wish also to thank Prof, B. E. Livingston for the use 
of the facilitiPR of the Laboratory of Plant Physiology of the Johns Hopkins 
University during the summer of 1912. 
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p(‘ri mental zoologists are those of Linnaeus. Hraiier ('08) applied the 
nilo of priority, thus requiring the no men da tore of Pallas. In 1912 
Hedot criticised Brauer’s revision and sliowed that the species, H. 
viridis L. should be retained. Since tlie experimental literature’ has 
employed the Linnaean nomeneIatui’(' [Ins has been used liere in order 
to avoid the constant repetition of synonyms. The names eupdoyial 
are given below at the left, with the revision of Ihalot at tlu' right. ' 

H. viridis L. H. viridis L. 

-H. grisea L. H. vulgaris Pall. 

H. fusca L. H. oligactis Pall. 

H. polypus A. Brauer. 

Experitnenis of Hanel 

Hauel began her work in 1906 and during the two years of her 
experiments bred clones from 26 wild Th'dras, obtaining records 
of nearly 7000 buds, the descendants, by asexual reproduction, 
of the original 26. . ’Upon comparing tliese 26 ^stem parents’ 
with their immediate progeny she found that those with a large 
number of tentacles produced buds ha^dng, on tlie average, a 
greater number of tentacles than the corresponding buds of par- 
ents with few tentacles. From the progeiw of the ^stem parents’ 
taken singly Hanel selected polyps with a high, an intermediate, 
and a low number of tentacles and continued this selection for 
from two to seven generations. Averaging the results obtained, 
she found that within the single clone the mean number of 
tentacles of the progeny of individuals selected for four genera- 
tions was slightly less in the group selected for a large number 
than in the group selected for a small number, Whence she con- 
cluded that variations within the clone are not inherited. 

Criticisms of HaneVs re suits 

In 1909 Hasc, at the suggestion of Plate, studied the relation 
of the number of tentacles of Hydra to the age of the polyp and 
to the number of tentacles of the buds. He verified the obser- 
vations of Parke (’00) and Hanel that the number of tentacles 
increases with the age of the ^lyps, finding an average increase 
of 2.1 tentacles in a number of polyps kept under observation 
for 90 days.. In recording her data Hanoi had taken this fact 
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into consideration but, belie\ing from observations upon mass 
cultures that the adult number of tentacles is proportional to 
the number which the polyps bear when they produce their 
first buds, she thought herself justified in computing the adult 
number of tentacles for young poylps which had produced a 
single bud. Hase concluded that the increase is not regular and 
that there is no true adult number of tentacles for any polyp. 

Hase further believed that the number of tentacles which 
the buds ha\'e at the time of separation from their parents is not 
proportional to the number of tentacles which the parents bear 
at that time. He gav'o data to show that while the number of 
tentacles of the parents is increasing with age, that of the suc- 
cessive oOspring of these parents rejnains constant and does not 
follow the increase showm by the parents. He also cut a number 
of polyps into tw^o or three pieces and found that they did not 
regenerate the same number of tentacles that they had borne 
originally. From this he concluded: 

Die verse liiedene Teiitakelzald isl eiue reine Somatiou und besitzt 
keiiierlei Ki'ldielikeitsweT't. Ads eiiie reine Linie (ini Sinne von Johanii- 
sen) kann man daher die dirckt on ungeschlechtlichen Nachkomnieu 
einer Hydra nicht l)ezeic]inen. Ks ist daher auch nicht moglich ebar- 
akteristisebe Typen zu isolieren imd sie orblich konstant zu erhalteii. 
.\ns gleiebem Orund kann man aindi koine reinen Linien (im vorigeii 
Sinue) aus einer Hydra pop illation (lurch Selcktion sortieren. 

This conclusion is far from justified, however, by the evidence 
which Hase presents. Records of tw^o parent Hydras arc given, 
which increased slowdy in their number of tentacles from five to 
nine, together withirecords of all the progeny of each. If the 
two groups are a^'eraged, as has been done in table 1, it is evident 
that the buds produced by these two parents after they had 
ac(][uired a large number of tentacles have a higher average than 
those produced wdien the parents had few" tentacles. Yet from 
these data, Hase concludes, 'AVir sehen, zuerst, ein schein- 
bares Alitgehen der Tentakelzahl der Knospen mit der Mutter, 
aber bald tritt ein roUkjer Rlickschlag ein.’’ As I shall show 
later, this is not true for H. \'iridis, as it is probably not for H. 
fusca: the regression is only partial. 
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The experiment upon regeneration likewise fails to support 
the conclusion which Hase draws from it, since it show's only that 
the number of tentacles is not regenerated at its full value but 
fails to disprove that the number regenerated is not j) report ion a I 
to the original number. I have reviewnd the ex])erinients of 
Jiase in some detail because they have been generally cpioted as 
proving that the number of tentacles of Hydra is Jiot an heredi- 
tary character, whereas, at best, they but ser^'e to east some doubt 
u[)on HaneFs conclusions. 


TABin 1 


Increase in the average number of tcni(tclf\< of buds i/roducvd 
while their parents bore the numbers increasing from 
5 to 9 (modified from Ila.w) 
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A much more serious criticisni of Hauel's work, and of Tore 
line’ w'ork in general, was made by Pearson duihig the follow- 
ing year. He subjected HaneFs data to a more tliorough analysis 
than she herself had done and held that the\' by no means justi- 
fied the conclusions drawn. Concerning the evidence for the 
existence of strains, diverse with respect to tentacle number, he 
saj^s : 

Hand begins with a very careful investigation of the growth ami 
environmental changes in the el la racier selected, the number of tentacles 
of Hydra grisea.' Thc*ro is a general agreement with Park(‘'s results 
that the number of tentacles changes with age, siz(‘, food nnd i:>laee of 
cAilture. Differences in these factors can product' very considerable 
difference,? in individuals and differences in the averages of differentially 
treated groups which can amount to-as much as 0.5 to 0.8 of a tentacle. 
These are precisely the order of tlu' averagt’ hereditary differences. 
Thus: 
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Parent Offspring 


A>, of 
tiiitiduali 

Vo. (-/ 

inditiduals 

AV. of 
tentacles 

9 

6 

364 

6.943 

9 

1 

310 

7.296 

4 

' s 

166 

7.344 

4 

9 

125 

7.383 


It will be at once i'tM;o)^nized that the differences here are rather 
less than many of the environmental differences and that there is no 
security that these 20 foundation Hydras are really represented by 
differentiated hereditary numbers of tentacles. Yet this table, as it 
stands, embraces TlanePs proof that the number of tentacles is an 
hereditary character in th(‘ ^purc lined What evidence is there that 
any one of the numbers of tentacles attached to those 26 parents is 
really constitutional and jiot ei^ironmental? 

When we consider that ITaners experiments extended over a 
period of two years, that the different 'stein parents’ were coh 
le(*ted and bred at different seasons, and that no data are given 
by which it is possible to judge which of the races were kept under 
a uniform environment this criticism greatly reduces the value 
of her evidence for the existence of diverse genotypes. The 
second point of Pearson’s criticism deals with the inheritance 
of the number of tentacles within the clone. The data were 
subjected to statistical analysis by Miss Elderton and the cor- 
relation between relatives was determined for different degrees 
of relationship, within the population composed of the 26 clones. 
A comparison of the correlations showed that there is a greater 
resemblance between siblings and between parents and their 
offspring than there is between 'uncle and nephew’ or between 
grandparents and grandchildren. This, as Pearson points out, 
can not be due -merely to the inclusion of diverse races in the 
tables of correlation but indicates that there is an inl^eritance 
of ^^ariations within the clone. From this evidence Pearson 
concludes that Hauers records show, not what she believed them 
to show, but just the reverse; that regression is only partial, both 
in the population and in the clone; that variatons are inherited 
equally in both population and clone. 
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Analysis of HaneVs data 

Since this method of treating tlie data does not deal with 
individual clones it seemed advisable to carry the analysis some- 
what farther. I Jiave computed the mean number of tentacles 
of ^11 individuals in each of HaneFs clones and the correlation 
between parent and offspring for each.- These are giwm in 
tables 2 and 3. The mean numbers of tentacles of the clones 

TABLi: 2 


The mean number of tentacles of JIatuTs clones arranut d in the order of nnuoiitude 


ci-OXE yo. 

MEAN NO. OF TENTACt.Krt 

a 

A 

S«'. UK TKNT.^CI.EH OP 
i^TKM I'AHENT 

14 

6.428^0.040 

0.771 

• 

13 

6.438=^0.020 

0.475 

7 

24 

6 670^0.058 

0 S26 

0 

S 

6.677±0.049 

0,816 

7 


6.805=^0.029 

0.734 

6 

2 a 

6.925±0,054 

0.692 

6 

1 

6,926±0.{)41 

0.750 

6 

11 

7,010=^=0.031 

0.780 

() 

12 

7. 026 =i- 0.024 

0.780 

6 

20 , 

7.170±0,0;U 

0.721 

7 

2b 

7,I84±0.032 

0.658 

5 

10 

7,230±0.034 

0.798 

8 

7 

7. 240 ±0.023 

0.906 

7 

26 

7. 264 ±0.041 

0.902 

9 

16 

7. 287 ±0.056 

0.962 

12 

19 

7. 3 19 ±0,032 

0.784 

5 

18 

7, 325 ±0.029 

0.7S6 

7 

23 

7.361 ±0,050 

0,850 

5 

9 

7. 367 ±0.046 

1.005 

8 

6 

7. 384 ±0.025 

0.914 

9 

3 

7. 393 ±0,023 

0,763 

8 

15 

7. 400 ±0.040 

0.93S 

8 

9<) * 

7.430 ±0,043 

0.934 

7 

17 

7. 456 ±0,0 19 

1.197 

10 

4 

7. 500 ±0.039 

0.862 

7 

21 

7.041±0,047 

0.835 

6 

25 

7.712±0.044 

0.942 

7 


* Hanpl records the variations in her clones in per(‘(;jitHges; the tables contain 
many errors, the sum of the percentages included in oth' array ranging from 85 to 
140 per cent. This leads to error in the means and correlations computed from 
the tables but these probably average out in the numerous constants detennined, 

THK JOUKKAL of EXTEHIMEXTAI. ZOor.OGY, VOI.. 10 , XU, 2 
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form an almost unbroken series from the smallest to the largest, 
and, lacking evidence upon the environmental conditions, give 
little indication of the existence of diverse races. Further 
analysis indicates that the clones tended to become more alike 
after they had been kept under cultivation for^some time, '^e 
"average number of tentacles of the offspring of each of the 26 
‘stem parents’ and the average of all their later descendants 
were computed and are given in table 4. The descendants of 
parents with extreme variations tend to revert to the mean. 

The coefficients of correlation between parent and offspring 
within the clones (table are extremely variable, but the 

TAHr.K 3 


CorrelaiioH hciween parent and progeny within each of HaneVs clones 


clonf: no. 

COURKl.ATIUN 

CLONE NO. 

CORBEL AT lOX 

1 1 

0.170^0.054 

14 

0.057 ±0.060 


0.336 ±0.067 

15 

0.323±0.040 

2b 

0,409±0.040 

16 

0.050 ±0.066 

3 

0.010±0.029 

17 

-0.073 ±0.040 

4 

-0.009 ±0.040 

IS 

-0.060 ±0.037 


0.234 ±0.037 

10 

0.072±0.041 

6 

0.142±0.026 

20 

-0.087±0.041 

7 

0.036±0.028 

21 

0.708±0.030 

8 ; 

0.068 ±0.066 

22 

0.007 ±0.047 

9 

0.006 ±0.0-17 

23 

0.178 ±0.059 

10 

0. 009 ± 0 042 

24 

0.000 ±0.067 

11 

0.040 ±0.037 

25 

0.12.8 ±0.046 

12 

0.031±0.03n 

26 

fl.l04±0.047 

13 

0.048 ±0.040 

Mean of all 

0,101 





TAi3LE 4 


Regression in the first and later (je7ieratio7is of the descendants of Panel’s 
26 ^stcin parents' 


“ STEM P.AHENTS 

NO. OF TEXT AC 

FIRST (JEXEKATION; 

MF.AX NO, OF TEXTACLE.S 

ALL descendants; 

ME.AN NO. OP TENTACLES 

6 ' 

6.943 

7.086 

7 

7.296 

7.102 

8 

7.344 

7.347 

9 

7,38:1 

7.347 
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majority (75 per cent), are positive and the evidence favors the 
belief in an inheritance ' of variations within tlie clone. The 
irreat irregularity of the results, however, makes it impossible 
to draw from them any law of inheritance within the clone or 
oven to be sure that there is any constant tendency toward the 
inheritance of variations. 

U^isettled questions 

Thus the evidence from previous work bearing upon heredity 
in Hydra must be looked upon as inclusive and the chief problems 
of heredity and variation as still ^insettled. Hanoi maintains 
the existence of diverse races of Hydra which are distiuA in their 
hereditary constitution. This is denied by both Hase and 
Pearson but upon different grounds. Hanel holds that, witliin 
a population, variations are inherited and that selection is 
effective in isolating the diverse races, within which there is no 
inheritance of variations. Hase denies that variations in the 
character studied are inherited at all and asserts that such 
variations are purely somatic. Pearson attempts to show that 
the variations are inherited both within the population and the 
clone. Analysis ot HanePs data shows that there is usually a 
con*elation between parent and pro*geny within the clone; that 
this may be very high in some cases, and in oth(u*s, negative, 
varying around an average of 0.101. Experimental analysis of 
the cause of this correlation is lacking. 

The chief questions demanding further investigation seem 
to be the following: Will such a variable character as the number 
of tentacles of Hydra lend itself to genetic study? Are there 
other chaft-acters of Hydra 'which vary less within the individual? 
Given a character which is comparable in different individuals, 
do races, hereditarily diverse with respect to this character, 
exist? If there are such races, in what characters do they 
differ and. are they numerous or few? Is there inheritance of 
iiidivicftial differences within the population, and if so, what part 
do diverse races play in this inheritance? Is there actually a 
correlation between parent and progeny within the clone? 
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If SO, how is it produced and what is its significance? Is there 
an inheritance of individual differences within the clone? What 
is the origin of the diversities between races? 

II. VARIATION IX HYDRA 

The only variable character in Hydra considered in detail 
lay pre\'ious workers has been the number of tentacles. At the 
beginning of the present experiments I examined a number of 
polyps in the hope of finding other ^^ariable characters suitable 
for genetic study. Size, body-form, color, relative length of 
the tentacles, reaction to mechanical stimuli, distribution of the 
nettle cells, diameter of the mature nematocysts, and reaction 
to light were compared. Of these only size seemed at all suitable 
for statistical study. Variations in practically all the character.’; 
of Hydra appear, not only between different individuals, but in 
the same individual at different times. Hase has shown that 
the number of tentacles, alone, varies too much in the individual 
to form a character suitable for statistical treatment and Plate 
(’18) has stated the necessity for the use of th| number of ten- 
tacles at some definite stage in the development of the polyps 
in future studies of heredity. The same individual variability 
appears in the size of the polpys so that the size at some definite 
stage of deA'elopmeat must be used in comparative studies. 

The time when the bud separates from the parent marks the 
occurrence of certain definite physiological processes in the bud 
and, if the number of tentacles of the bud is taken at this time, 
it seiA^es as an index of the state of development of the bud at 
the time when these processes are initiated. This number may 
be compared, in tests for heredity, either with the number borne 
by the parent at the corresponding age, or with the number which 
it bears when the given bud is produced. It is more difficult 
to find a stage where the size of different polyps is comparable. 
GroAvth is \'ery rapid for the first few days after the buds are 
released and it is not always possible to take measurements of the 
new buds, as such measurements require a great deal of time. 
After four or five days for H. ^'iridis, when the buds have matured 
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;ind begun to produce buds in their turn, growtli is nuich slower, 
although the polyps continue to increase in size until the fifteenth 
day or later. For comparisons of parent ami offspring, I ha\'e 
used measurements of the size at the age of se\'en days, or as 
near this as was practicable. The figures so obtained are greatly 
subject to chance variation but are problaby as dependable 
as any which can be obtained for so plastic an organism. 


Variation in the mmiher of teulades of Hydra riridin 

The most frequent number of tentacles (the modal number) 
found in wild populations of H. viridis is usually 6, sometimes 7, 
and the normal range seems to be from 4 to 9. Table* o shows, 
in percentages, the distribution of variations in II. viridis found 
by previous investigators. Both local and seasonal differimcc's 
[U'obably play a part in the production of the differences in these 
|)opulations. The data shown in table 6 ha\’e been obtaiiual 


TABT.l': 

Dixlribulion, in percentages, of vnrlatians prcrioushj n cordci! (or llgdra rlridis 



TABU' () ' 


Distribution, in percentages, of variations in a popidation oj ff gdra nnilts from 
Baltimore, 
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from a population in a very small stagnant pond in the neighbor- 
hood of Baltimore. Very extensive seasonal changes are evident 
from the mean of the population at different times. 

Numbers of tentacles less than o or greater than 9 probably 
can not be considered normal for H.Viridis from this neighborhood. 
Buds formed with less than four tentacles are usually small and 
do not extend their tentacles. They either produce more ten- 
tacles quickly, or die. The only individuals with ten ’tentacles 
which I have found were small-bodied, dark in color, and pro- 
duced buds very slowly. In H. grisea a large number of ten- 
tacles seems to present a rather unstable condition. Individuals 
with ino^e than eight tentacles ir^jpy cultures have shown a 
tendency to divide lengthwise ^.nd thus reduce the number of 
tentacles to the mode. I have observed longitudinal division 
in only one specimen of H. viridis, which bore six tentacles at 
the beginning of division and gave rise to two polyps, each with 
six tentacles. . 

As individual polyps grow older they form additional tentacles, 
a coiiditioii first observed by Marshall (^82) in H. viridis. Hase 
has demonstrated a like condition in H. fusca an^ Hanel in H. 
grisea. Hanel has found that the addition of tentacles occurs 
even in polyps which are ^arving, although hunger tends to 
inliibit the process, as is clear, from table 7. Parke found that 
the number of tentacles might be reduced and HaneFs table 
shows that this reduction is favored by starvation. My own 


TABT.-R 7 

Clia)iges in the number of tentodfs of 129 specimens of Hydra grisea during one 
morilh\s cultivation; after Hanel 



WITH roon 

WITHOUT FOOD 


45 

‘ 19 

Number of polyps showing change 

29 

,14 

Number of tontac^les absorbed 

2 

s . 

Number of polvps showing change 

2 

6 

Number of poK'ps unchanged 

31 

47 

Total number of polyps 

62 

67 

Mean increase per individual — 

0.69 

0.16 
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data verify these results for H. viridis. Figure 1 shows the mean 
number of tentacles of about 30 polyps from two different clones 
at successive intervals of two days. 

Besides the specific tendency to change the number of ten- 
tacles with advancing age, there are environmental factors which 
niay produce variation in the number of tentacles of Hydra. 
Hanebs data, table 7, show that star\'ation partially inhibits 



Fig. 1 Increase with advancing age in the average iiuiiiher of tentacles of 
polyps from two clones, A and D. The aN'erages arc based upon about i)olyps 
from each clone. Clone A shows an average daily increase of 3.G per cent; clone 
D an increase of 2.0 per cent. 


the addition of tentacles and causes some to be absorbed. Parke 
has shown that other unfavorable conditions, such as stagnant 
water, have a like effect. Injur>^ and regeneration of the oral 
end also leads to a reduction in the number of tentacles (Hand ^99) . 
These factors produce variation in adult Hydras, but further, 
as will be shown, they have a like effect upon the buds produced 
by these adults. 
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Condiiiom producing like variations in parents and offspring 

Age. Corresponding to the increase in the number of ten- 
tacles with the age of the parents, the buds produced by old 
polyps have, on the average, more tentacles than those pro- 
duced by young ones, that is, there is an increase in the number of 



Fiji;. 2 IiK'R'usc in ihc tiverugc number of tentacles of successive buds pro- 
duced by the same parents. The ordinates i'e])i'cseiit (he mean number of ten- 
taedes of the successi\ e buds. The abscissae re])resent for Clone A the successive 
buds produced by 70 partmts, for (done D the buds produced on successive days 
after tlie 40 i>arents which furnished the basis of the curve began to produce buds. 


tentacles of successive buds with the increasing age of the parent. 
Figure 2 shows this condition clearly. Data from two clones are 
included in this figure; for clone A the average number of ten- 
tacles of the first, third, fifth, seventh, etc., buds are given in the 
graph ; for clone D tlie averages of all buds produced during sue- 
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cessive intervals of two days furnish the basis of tlio j^i-aph. 
The general trend of both lines is upward, although more mark- 
eillv so in A than in D. The same relation for the two clones 
was found for the increase ig the number of tentacles of the 
jiarents (fig. 1). The increase in the parental number of ten- 
tacles with age is due to some internal factor. Its relation to the 
increase in the number of tentacles of successive buds will la' 
considered later. Besides this internal factor, there are \’arious 
environmental agents which modify the number of tentacles of 
parent and bud in the same direction, ami which must be taken 
into account in any study of inheritance. 

Effects of starvation. On^hundred polyps from a mass cultui'(‘ 
of a single clone (clone A) were divided at I’andom into two 
groups of 50 each. One group was fed every second day with 
small Crustacea, the other every sixth day. Both were ])lac<Ml 
in clean dishes of fresh water every second day, and each polyp 
was kept in a separate dish. The result of this method was 
that one group received about three times as much food as the 
other. Tlie first result of the partial starvation of tli(' six-<lay 
group was a reduction in the rate of budding. Th(‘ w(dl fed 
group produced an average of 0.203 buds per day for each poly]); 
the starved group produced only 0.074 buds ])er day, which gives 
a ratio of almost three to one, corresponding to tlu^ amount of 
food given. There was also a difference in the a^'erage numlx'r 
of tentacles of the buds produced by the two gi’oups, th(‘ offs])ring 
of well fed parents having a slightly higher average than the 
others. This is shown in table 8. The dillerence liere is small 
and may easily have been due to chance. dOie ('xj)eriinent was 


TABLE .s 

Efi'cls of Htarvatioii of poreoin apoti Ihe invott nHnihcr of of Ihetr 

all bads recorded within 24 hoarn allvr thr.ir 




iin»i 


Mniii no. of 

No. 

f pojyi's 


‘lifl IJO. I>1 j 

Xo. of 

led 

7.18^0.06 


50 

0 

32^0.04 ! 

153 

Starved 

7.1S±0.07 


50 

0, 

24±0.()() 1 

01 
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TABLE 9 

Effects of starvation of parents upon the number of tentacles of tkeir buds; second 
(.rperiment 



PAftKNTS 

* 

. • 

BTDS 



Mean no. of 
tentacles 

' No. ot 
polyps 

Tentacles 
' added by 
all parents 

Mean no. of 
tentacles j 

No. or 
polyps 

Difference 

(^lone A 

Fed 

6.84±0.05 

25 

1 0 

6.59^0.03 

127 


Starved — • 

0.80±0.05 

2o 

0 

6 37 ±0.09 

44 

0.22±0.09 

Clone D 

Fed 

5,80±0.06 

25 

1 

5 .7G±0.03 

195 


Starved 

d.92±0.06 

25 

0 

5.20±0.06 

44 

, 0.56±0.07 


ropoated.with polyps from two clones and results were obtained 
which made it certain that starvation of the parent leads to a 
reduction of the number of tentacles of its progeny. The results 
of this experiment are shown in table 9. 

.The parents recorded in this experiment were old polyps 
taken from mass cultures. Their mean number of tentacles 
already exceeded the means of the clones from which they came, 
so that any considerable increase in their numbers of tentacles 
dur^g the brief time of the experiment w^as not to be expected. 
Hanel’s data, however, prove that starvation tends to inhibit 
the addition of tentacles in parents and this experiment shows 
that the buds of starved parents have fewer tentacles than those 
of normal ones. This condition, occurring among a large num- 
ber of polyps subjected to unequal and fluctuating environmental 
conditions would undoubtedly lead to a slight degree of resem- 
blance' between parent and progeny, even if there is no true 
inheritance of parental variations. 

Effect of injury. Twenty mature Hydras were cut in two trans- 
^'ersely and kept until both halves had regenerated. Each 
half was kept in a separate dish and the buds which it produced 
after regeneration was complete were recorded. Altogether, 
287 buds were obtained from the 40 freshly regenerated polyps. 
The mean number of tentacles of the clone from which the orig- 
inal 20 were derived was, at this time, 6.91 ±0,03. The mean 
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number of tentacles of the original 1^0, tlie oral ends, was 7.05=^ 
0.09. The mean number regenerated by the aboral ends was 
0 . 42 ±0.09. The regenerated oral ends, produced 146 'buds, 
the aboral ends, 132 buds within 28 days after the operations. 
The mean number of tentacles of the buds from the oral ends was 
0.88 ±0.03; that of the buds from the aboral ends was 6.59 ±0.04; 
the difference here is 0.29 ±0.004 in favor of the offspring pf the 
polyps which were required to carry out the lesser regenerative 
processes. Clearly, the same factors wliich cause a reduction 
m the number of tentacles in the parents (tlie call for an expendi- 
ture of energy in regeneration) cause also a reduction in the 
number of tentacles of their offspring. 

In order to test the length of time during which the after- 
effects of injury to the parents influence the number qf tentacles 
of the buds, the mean number of tentacles of all first, all second, 
etc., buds produced after regeneration by the oral and aboral 
ends was computed. This is shown in figure 3. After the ninth 
bud the graphs are based upon too small numbers to be sig- 
nificant. It is clear 'from this figure that immediately after 
regeneration the buds produced have few tentacles and that the 
number of tentacles of successive buds increases rapidly until, 
after five or sk have been formed, the normal conditjpn is 
regained. 

These experiments show that certain environmental agents, 
acting upon Hydra, tend to produce variation in a given direc- 
tion in both parent and offspring, either, as in the first case, by 
acting simultaneously upon both parent and bud, or, as in the 
second case, by affecting the bud only indirectly through a 
reduction in the vitality of the parent. Although only two such 
agents have been studied experimentally it is probable that 
many others have a like effect, Parke h-ds shown that the 
bacterial conditions leading to depression in his cultures brought 
about a reduction in the number of tentacles of the polyps. I 
have found that polyps which have just recovered from de- 
pression tend to produce one or more very minute buds with 
few. tentacles. Polyps kept in water of high salt content become 
small and dark-colored and produce small dark-colored buds. 
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Eig, 3 The mean number of tentacles of the siiecessivc buds produced by 

polyps after regeneration; ( ) buds produced l)y regenerated oral ends; ( ) 

buds produced by regeneruted iiboral ends; all polyps were taken from the same 
clone. 


Teruperatures much above or below the optimum have an effect 
like that of high salt content. The results of the action of these 
agents resemble the cases of temporary parallel induction found 
in parthenogenetic reproduction (Agar '13) but the mechanism 
of the action is probably much simpler since wc are dealing here 
only with a congenital reduction in vigor. 

TIT. EXISTEXCE OF DIVERSE RACES 

In addition to these variations resulting from environmental 
action, are there differences between the individuals of a popu- 
lation due to some internal, hereditary factors? This question 
has been tested by breeding a number of clones of H. viridis 
under similar cultural conditions. 
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Experimental methods 

Hydra is easily cultivated in the laboratory, prosidcd that a con- 
stant supply of food is available. The polyps used in the experiments 
were collected from various sources, usually from ponds (‘ontaining 
Xitella or Elodea. In the greater part of the work (‘aeh polyp was 
kept separately in a small Stender dish with about 5 ve. of water. It 
was found necessary to \vash these dishes in lioiling water every second 
(lay in order to keep dowm l)acterial growths and maintain tin* polyps 
ill "good health. A small species of ('yclops was usial exclusividy as 
food. Attempts to breed them in sufficient numlx'rs in the laboratory 
failed and all food material was obtained by towing with a i)lankton 
net in an artificial pond. The supply so obtained was further con- 
centrated so that from one to two hundred ('yclops weri' givim to each 
Hydra every second day. (A healthy specimen of II, viriilis will eat. 
(ell or more Cyclops daily and the large number supplied allowial I'ach 
polyp to capture as many as it could oat). At first, a groiving stmii of 
Elodea was kept in the culture with each Hydra but as this was found 
to^e unnecessary and a possible source of contamination it ivas dis- 
continued after the first experiment. 

All the cultures were kept at approximately the same level ujion a 
broad table-lop wdiere they were exj)o.s(Hl to uniform conditions of light 
and temperature. The cultures of various clones were dividi'd into 
small groups and the ord^” in which these wine fed .and arrangial ipion 
tfie table was varied from day to day. While conditions may hav(‘ 
varied in the different individual cultures, tiieiv seems to be no naison 
for believing that such dilTerenees flid not .avm'age out in each of tln^ 
eloiie.s, considered as a whole. 

Besides the individual cultures a number of mai<s (ailt urcs of diSerent 
clones were kept under similar conditions. Xumbers of i)oly))s were 
placed in (binch battery jars filled with water from tlu' food pond. 
The water in the cultures was renewed weekly, ami whmi' t wo (h>n('s 
wcM'c being bred for eomparison th(' water from the culture' jars e()n- 
taining the two clones was interchanged frequently. 

The number of tentacles of thi' [lolyps was count ( m 1 under the Zeiss 
Ihuocular, and in the case of the polyps in individual (‘ultures the 
number of tentacles of the buds was rccorcknl \^'i|]!in 48 hours of tlu' 
time when they were released from tin' paients. Tin* numlK'rs of ten- 
tacles of the parents were recoi ded also at the time wlnm e:ich imd was 
produced. Measurements of size weri' made in tin' following way: 
The polyps, contracted, were placed on a groovial slide under a com- 
pound microscope. When they expanded until the lengtli was a))out 
four times the diameter, an outline of the l)ody was mack' with a camera 
lucida. The area of this outline was measured with a planimeler and 
from this, treated as the area of the longitudinal section of an (hpsoid, 
the volume was computed. This method is subject to about 2.) pm* 
cent error, but is much more accurate than measurements of a single 
diameter. The constants given in the following pages were cmnput(?d 
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by tho simple statistical formulae devised by Pearson and others 
(Davenport ’04; Yule ’12j. In the computation of the standard 
deviations for size Sheppard’s correction was not used. All calculations 
were made with the aid of the ‘ Bruns viga’ computing machine, and 
later repeated de novo. 

Detailed examination of two clones 

On Juno 10, 1912, twenty-five specimens of Hydra viridis, 
collected from a limited area in a small undrained pond, were 
isolated in individual culture dishes. They began to multiply 
rapidly under the favorable conditions of the cultures. The 
new-formed buds were each placed in a separate dish, labeled, 
and the number of their tentacles recorded within 48 hours after 
they separated from the parents. After a few days it was found 
impossible to care for all the descendants of the stem mothers aSid 
it seemed best to discard the majority of the clones. Two of 
them, A and D, which seemed somewhat diverse were retained. 
It soon became necessary again to reduce the number of cultures, 
as not more than 300 animals could be eared for at one time. 
An equal number of each of the two clones was therefore selected 
for high, intermediate, and low numbers of tentacles, and the 
cultures were so arranged as to give not less than ten progeny 
from as many parents as possible. Since the selections were 
approximately equal in both directions from the means of the 
clones, the average number of tentacles of the two may be used 
for comparison, although the coefficients of variation may be 
affected and c.omplications are introduced in the analysis of the 
data for the problem of iiffieritaiice within the clone. 

The breeding was continued until the latter part of August, 
when the first experiment was brought to a close, and the polyps 
on hand were placed in mass cultures and left for two weeks. At 
the end of this time a single polyp was taken from a mass culture 
of each of the clones and used as the starting point of a subordi- 
nate clone (A' and D') bred in individual cultures as in the first 
experiment, except that no Elodea was included in the cultures. 

Differences m number of tentacles and size. The total number 
of pedigreed descendants, of ’stem mother’ A obtained before 
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September was 1353, of ^steiii luother D, 1395. The distri- 
bution of the variations in the number of tentacles gf the two^ 
olones is given in table 10. The means and standard deviations 
computed from these figures are ; 

Menu a 

Clone A • • ■ 6.463=^0.013 0 7371 IVnlnclos 

('lone 0 5.739*0.011 0.60S(> I'ontaoios 

Difference (A ~D) 0.724*0.017 IVntacles 

The difference between the average ]uim])ers of teiitaides borne 
by polyps from the Uvo clones is here many times its probable 

T.\BI.K 10 


The disiribution nf variat}onf> in the nunther of iehbtele.< <f the r/r.sTrn#/rne.s- tf ‘.Oc;)) 
mothers A and D 


— « ^ j 

Vr.MBKR OF TE^?T.^CLES 

4 

•> 


7 



Number of polyps bearing; each luiiu- [ 
her of tentacles i 

Clone A 

0 


500 

580 

60 


('lone D 

30 

304 

883 

80 

2 

0 

Percentage of all polyps hearing oarli 
number 

Clone A 

O.f) 

1 j 

G.O 

43.6 

U3.5 ; 

5 .2 

0.2 

Clone D 

2.2 

28.2 

03.3 

! 0.2 ' 

O.l 



error and proves that the two clones differed either in their 
hereditary constitution or in the environment to which they were 
subjected. The conditions of the experiment seem to rule out 
the latter possibility and further evidence against an environ- 
mental cause of the difference was given by further experiments 
with the clones. The second part of the experiment, beginning 
with the establishment of the two subordinate clones A' and D', 
from single individuals taken out of mass cultures gave ?04 
pedigreed descendants from stem mother A' and 153 descendants 
of stem mother D'. The number of tentacles of these polyps 
is shown in table 11. The constants for the distributions given 
are: 
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Mean number of 
li-ntadesi 

Clone >r 6 907=^0.026 0.5.57 

('lone jy\ 0,844 ± 0.029 0.537 

Differonoe (A' - D') 1 063 ±0 039 

After t\v() Aveeks in mass culture the difference between the 
two clones persisted and was^ indeed, increased by 35 per cent. 
The significance of this increase will be discussed later. 

TABLC II 


\'nrl(!titin!i in chmes A' and D' 


Sr.MHKH Of TKNTACl.kS. . 

4 

1 

6 1 

7 

8 

Nuiiib('i- of polyps 






('loned' 


3 

33 

148 

20 

Clone D' 

2 

29 

114 

7 

. 1 


Similar results Avere obtained from populations of the two 
clones grown in mass culture. The results from five pairs of 
mass cultures Avill be considered. 

Two battery jars Avere filled with pond watci*; to each afeAv Elodea 
stalks free from foreign Hydras were added; and each was inoculated 
with .50 polyps, the one from (done A, theother from (done H, Cyclops 
Aven^ added every Aveek for three weeks. At the end of a month 100 
polyps were taken from each culture and the numbers of their ten- 
tacles were recorded. The variations Avere distributed as shoAvn in 
table 12, T. Idic constants obtained from this are: 


(done d 

('lone D 

Difference (d — /)) 


Ml art iiumhtr of 
iit)tacle/i 

G.5G±0 .056 
5. SO ±0.033 
0.70±0.0o0 


0.^284 

0.4903 


Five Avocks later sanii)lt's Averc again taken from these cultures. 
Their variations are shoAvn in table 12, II. The constants for these 
groili:»s aix' : 

Menti 7iitnihcrof 

tentacles <T 

('loned G.797±0,042 

(done D 5 . 457 ±0 . 045 

DiffeiTiiec (.1 — D) 1.340 ±0.061 


0.5038 

0.5539 
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TABLE 12 


Distribution of variations in sa)nplcs taken from mass cultures 


St MBER OP TENTACLES 



fi 

7 

I After three weeks with plentiful food 
Clone X. 

1 

9 

33 

47 

Clone D 


2(1 

71 

0 

II After five weeks more under same con- 
ditions 





Clone A 


1 

13 

48 

Clone D 

0 

34 

34 


Ill After one month with little food 





Clone A ' 


1 

17 

28 

Clone D 


20 

24 


IV .After three months in mass eikuros 





Clone A 


1 

12 

3,3 

Clone D 

i 


25 : 

24 

j 

1 


Polyps from mass cultures to which no food Inul Ijccii athk'd for one 
month showed the distribution of table 12, III. The constants for 
these groups are : 

Meafi nunilHTof 

tr?itac}<'s o 

Ckme A . .0 70±0.00 0.0103 

Clone D ,y 48 ± 0 . ();> 0 . 1995 

Difference {A ~ D) 1 .22=^0.08 

The samples recorded in table 12, 1\', were taken from mass ciilliin's 
three months old. The constajits foi* tliese grou})s are: 

Mean number uf 
tentacle.^ 

Clone A.. 6. 80 *0,06 

Clone D 5. 52*0. 05 

Difference {A — D) 1 .28*0 OS 

The Hydras in one pair of cultures were given very littki fooj for 
three months and the water in the cultures was changed vqry rarely. 
As a result of these unfavorable conditions tlu* polyps in both cultures 
were very much reduced in size and in number of tentacles. Clone A 
was most affected but the difference between the clones persisted even 
here, as the following constants for these populations show: 


(T 

0.0000 

0,5380 


the journal op experimental zoology, VOL. 19 , NO. 2 
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Mean number oj 
ientachi 

(!lone A 5.519 ±0,035 

Clone n 5.34()±0.033 

Difference (.1 ~ D) 0,173 ±0.0 18 


0.5325 

0.4970 


The second character studied in these clones was t^e size of 
the polyps when about one week old. The measurements in- 
clude 184 individuals of Clone A and 182 of Clone D. The 


TABLE 13 


Dislrihution of VQnatLO}is iu the size of clones A and D 







rrBic ; 

MIILIMETKRH 





0,[)0 

OK) 

o.:u 

0,48 

0.64 

0,80 

0.96 

1 ,12 

1.28 

1.44 

1.50 

1.76 1.S2 

(done A 

i 

’ 10 ! 


i ! 

22 

28 

28 ! 

1 1 

26 

13 

' 11 


4 I 

1 j s 

Clone D 

1 24 

78 

1 55 

17 ^ 

! 7 





1 ^ ' 
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distribution of the variations is shown in table 13. 
sizes of the two (*lones are: 

Mean size 


The mean 


u 

cu. mm. 


Clone .4 0.869 ±0,021 0.4288 

Clone D 0,322 ±0.022 0.1504 

Difference {A - D) 0,547±0.023 


The mean age at the time of measurement for members of 
the two clones was: 

Clone .1 7.1 days Clone D 7,8 days 

The difference in size is even more pronounced than the differ- 
ence in the number of tentacles : individuals from Clone A were, 
on the average, more than twice as large as those from Clone D.^ 
The difference in the appearance of the polyps is showti in figure 4. 
The numbers measured are relatively sinall but they extend 

^ An jitteiript was made to doteiTnine whether the difference in size was due to 
a dilTcrenco in the size of the individual cells, in accordance with the theory of 
the relation between coll and body size advanced by Popoff ('08). Because of 
the great mobility of Hydra, accurate measurements could be obtained only for 
the mature nematocysts. In this character the two clones were identical and if 
it furnishes an index to the size of other cells the difference between the clones 
was due to a difference in the number and not the size of the body cells. 
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Kig. 4 Diagram of tho i(4ations of Clones A and D. From cainoia dr:m'- 
ings of polyps of mean size, 

over morci than half the period of cultivation so that onviron- 
inental differences should have averap;cd out. Tlie fiolyps 
measured were selected because of tlieir relationships, so that 
the personal factor, an unconscious selection of extremes, can 
have played no part in producing the difference. 

All the differences recorded are between groups which had 
been kept under environinental conditions as nearly uniform as 
possible. The polyps in indhudual cultures were fed in irregular 
order in order to insure a uniform distribution of food. In the 
mass cultures the parallel series of the two (‘tones were given 
uniform treatment and an intercliange of water in the parallel 
cultures was made frequently. The evidence s(‘cms to j^rove 
conclusively that some internal, hereditary factor caused the 
differences between the clones. 

This conclusion is still further verified by an analysis of the 
data from the individual cultures. In order to test the constancy 
of the difference, the time during which the clones were culti- 
vated was divided arbitrarily into intervals of five days and 
the mean number of tentacles of all buds produced by each clone 
during each five-day pt'riod was computed. Table 14 and figure 
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TABLE 14 


Comtants for the n.umber of tentacles of the hxids produced by .clones A and D 
during successive five-day intervals from June 25 to August 23 


XO. OK HKHIOD 

ci-uxi; .1 

j t'LO.VlJ D 

U -Di 

MeJiT) no. of ten- 
tacley 

a 

Mean no, uf ten- 
tacles 


Tentacles 

1 

6.5:10=^0,099 

0.00.56 

5,o00±0,168 

0.5000 

1.030 ±0.194 

2 

6.115=^0.118 

0.8913 

5.462±n.091 

0.6919 

0.653 ±0.149 

3 

6, 22;i± 0.0-16 

0.7280 ' 

.5,479±0,036 

0.6204 

0.744 ±0,053 

4 ^ 

6.142±0.0.55 

0,8478 

5, 345 ±0.027 

0.5079 

0.796±0.061 

0 

0,233=t0.a55 

1 0.7754 

5.441±0.036 

0.6257 

0.792 ±0.065 

6 

6 552 031 

0.6529 

5.796 ±0.029 

0.5532 

0.756 ±0.042 

7 ! 

6. 79.5 ±0.030 

0,6268 

6.103±0.n3l 

0-0.386 

0.692±fJ,043 

8 

6.681 ±0.033 

0.6,334 

5..95S±0.023 ^ 

0.4,542 

0.723 ±0.040 

9..., 

6.4;i9±0 036 

O.fMOO 

; 5,7,57±0 029 

0.5078 * 

0.682 ±0.046 

10 

6. 236 ±0,038 ' 

0.7.502 

5 787 ±0 030 

1 0.4980 

0.449 ±0.042 

11 

6. 390 ±0 043 ! 

1 0,59.58 

5. 787 ±0 036 

0.5376 

0.972±0.050 

12 

i 6.3S4±0,090 ' 

! 

0.6836 

5,775± 0,090 ^ 

! 

i 0.4875 

0.609 ±0.128 



5 show the result of this analysis. Throughout the entire experi- 
ment the difference between the clones persisted. By July 25 
Clone D had increased in the average number of tentacles of 
its buds until it equaled the earlier average of Clone A (June 30) 
but this was accompanied by a corresponding increase in the 
average of Clone A. The figure shows that the difference re- 
mained fairly constant in spite of wide fluctuations in the absolute 
values of the means of the clones. 

Other differences between the clones. There is a marked differ- 
ence between the clones with respect to the age at which repro- 
ductive maturity is reached^ the age at which the parents produce 
their first bud. This is shown in the following tabulation: 

\fran age of parnii^ when • No. of 


Jirflhud wa--i producf’d a parents 

Clone A. 4.806±0.103 days 2.422 248 

Clone D 3 .748 ±0 . 074 clays 1 . 755 253 

Ditfcrence (-4 - D) 1,058=^0.127 days 


The rate of reproduction of the clones differed slightly, that 
of Clone A being somewhat greater than that of Clone D. The 
difference, based upon 33 parents of each clone which produced 
more than 10 buds is 0.0542 buds per d^y. This difference is 
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Fig, 5 The mean number of tentacles of the hiuls luoducrd by Uloncs A and /> 
during successive intervals of tive days, d'he moan nuinlKU’ of tentacles of 
Clones A' and D' are included at the right as these form a natural eonliiuiatioii 
of the earlier experiment. 

not greater than its probable error and is probably not signifi- 
cant. The equality in reproductive rate is shown by the fact 
that while no attempt was made to obtain equal numbers in the 
two clones during the experiment, the numbers bred were, after 
two months, almost equal (1353 and 1395). 

Other differences betwee'n the clones which can not be ex- 
pressed quantitatively were apparent in the living animals. 
Clon’e D was, as a rule, somewhat darker in color than Cdonc A 
and somewhat more resistant to unfavorable conditions. Poly[)s 
of Clone A showed a greater tendency to cling to the surface film 
and were more active than those of Clone D. 

Nature of the difference between Clnnes A and D. Tlie fore- 
going data prove that the two clones studied are distinct through 
the presence of some internal, hereditary factor. The Tteak- 
tionsnormen’ of the two are different. But whether this differ- 
ence is genotypic in the sense of being the result of a fixed con- 
stitution of the germ-plasm or whether it is due to a spurious 
heredity like that by which the green color is transmitted is not 
clear. The agents, other than the hereditary constitution, which 
might produce such cloiml diversities are the direct action of the 
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environment, the persistent effects of former diversities of environ 
ment, variations in the commensal relations of the polyps and 
their zoochlorellae, parasitic infection of one clone, and differ- 
ences in clonal age from the fertilized egg. The first of these is 
eliminated by the methods of the experiment. It has been 
shown that the after effects of injury and ‘depression’ are only 
temporary. Experiments attempting to produce permanent 
modification by extremes of temperature, chemical agents, and 
artificially induced ‘depressions’ have been unsuccessful; diver- 
sities are readily produced but they persist for only a few days. 

Possible variations in the commensal relations of H. viridis 
are more difficult to control. Microscopic examination of the 
two clones failed to reveal any difference in the green bodies of 
the two clones. As a test of the influence of commensalism 
upon variations I partially removed the zoochlorellae from some 
individuals of Clone L (see below) by the method devised by 
Whitney (’06 ’08). During immersion in ‘glycerin the polyps 
became smaller but when restored to normal conditions they 
ate regularly and resumed their original size before beginning to 
bud. The buds, practically white in (jolor, did not seem other- 
wise different from the normal members of the clone. I never 
succeeded in getting out all the zoochlorellae from the polyps 
so that not enough buds for statistical study could be obtained 
before the polyps resumed their normal color. 

Five parasites of Hydra have been reported: Amoeba hydrox- 
cna fiintz, Balantidium hydrae Entz, a species of Ophryoglena 
(Entz ’12), Trichodina pediculus Ehr. (Clarke ’65), and Kerona 
polyporum I'^hr. The true parasitic nature of only one of these, 
A. hydroxena, has been demonstrated. Trichodina did not 
occur in any of the pedigreed cultures recorded here, although 
it is common in wild populations. In October, 1913, an epidemic 
of A, hydroxena broke out in 'my cultures, destroying all of them. 
The symptoms of infection by this parasite are easily recogniz- 
able and there is no possibility that it occurred in the earlier 
cultures. Kerona occurs rarely in wild populations here but 
did not appear in my cultures; the other two parasites have 
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never been seen in this locality. The ineutioned by Raiul 

(’99) is evidently not a parasite of Hydra. 

Finally, there is no direct evidence bearing; upon the (piestion 
of the effects of the age of the clone upon its variations. It has 
been impossible to secure clones of kiunvn age since in this locality 
sexual reproduction in H. viridis seems to be almost complet(9y 
suppressed. Hydras from wild populations have been examined 
at all seasons during the past three years and in this time lud one 
with ovaries and only seven with spormaries have been found. 
The treatment by wliich Whitney (' 07 ) induced sexual repro- 
duction was tried but without success. These' facts seem to 
justify the conclusion that sexual reproduction i)lays hut little 
part in the life history of the green i)olyp. 



Fig. 6 The number of' polyps (ordinates) which died at tlic agc'.s in ilays 
recorded on the abscissae^ during Hase’s experiments. (— — ■) II. fusca, (-- 
H.’grlseu. 

In the development of theories of ‘life cycles' iniuicro-orgaiusins the 
phenomena of ‘depression’ in Hydra have had a prominent place. 
R. Hertwig, in particular, has sought to .eiiiphasizv the n'lations of 
‘depression’ to sexual rcproductiom but th(' work of I'ri.scholz (’09) 
seems to prove that no such relation exists. Ib-.actically all slaidi(‘s of 
depression have been carried out with poly])s in mass (uiltun's and 
fliere is no evidence that the epidemics of depix'ssion iT‘[K)rted were not 
due to environmental rather than to internal factors. The ease with 
which depression may he induced by unfavoi'al>h' envirommmt and 
cured by putting the polyps in clean water mak('s it ])ractically certain 
that depression is a pathological condition. 

The only other work bearing upon the question of ag(^ is that of Hase, 
who studied the age of individual polyps. Ih* found a mean age of 
55.2 days for H. fusca and 94.8 days for H. gris(‘a; with the distribution 
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of ages at death shown in figure 6. The irregular form of the cu^es 
and the fact that the vast majority of the polyps died at a relatively 
early age scarcely speaks in favor of an ^Altersschwache/ The curves 
are similar enough in form to suggest that the deaths were due to two 
periods of unfavorable conditions (a and h) in his cultures. 

At no time have I observed an epidemic of depression in the 
individual cultures belonging to the same clone; less than 1 per 
cent of the polyps have shown depression and always the closest 
relatives of these remained normal, a condition which is not at 
all in harmony with theories of clonal seiiescense. Further, 
during the four months that the clones Were kept under obser- 
vation, including more than 20 asexual generations, there was no 
significant change in the character of either clone. The repro- 
ductive rate, the first character modified by a reduction of the 
vitality of the polyps, was as high at the end of the experiment as 
at the beginning. This furnishes some evidence against the 
belief that the diversities are due to the clonal age but it is not 
conclusive.'^ 

The existence of other races 

• 

A comparison of the standard deviations of the Clones A and 
D reveals the fact that clone A was always the more variable 
of the two. This difference suggested that Clone A was not pure 
and an examination of other evidence quickly confirmed this 
view. The variations of the clone tended to a dimodality which 
does not appear in any otho^ race studied and the neater varia- 
bility and dimodal form of the variation curve did not persist 
in Clone A' which was descended from a single polyp taken 
from Clone A . The records of the clone were reviewed in order 
to test whether the greater variability was characteristic of the 
race or was the result of the inclusion of diverse types as is sug- 
gested by the condition in Clone Ab One subordinate cloiil 
represented by the direct line of descent AlA2blala2ala (the 

^ Agar (’14) has shown that diverse clones produced by parthcnogenetic re- 
production may be produced by different eggs hatched at the same time. The 
differences here arc clearly not due to the ages of the clones. Lang (’92) found 
that only one germinal layer of Hydra takes part in the formation of the buds, 
and this work, while unconfirmed, suggests that the differences between partheno- 
genesis and budding may not be so great as is genethlly supposed. 
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successive buds of alternate generations being labled with 
the series of letters and numerals) showeii an a\T]‘age number 
of tentacles considerably lower than that of the remaining por- 
tion of the clone. The polyp AlA was recorded as small, with 
abnormal tentacles, rapidly becoming normal. The mean num- 
ber of tentacles of the fraternity from which it came was 
6.809=^0.062, that of its immediate progeny was 6.200^0.02:1, 
giving a reduction of 0.609=^0.067 tentacles in one geueni^ion. 



Fig. 7 The distribution of variations in tlid tnnnhor of toniach's «)f ( lono A 
( — -) and of the subordinate clones AlA (- — j and .1 — [AlA) ( ). 

The mean of all the descendants of AlA (437) was 6.121=^ 
0.020: that of the remainder of the clone was 6.624^0.013 giv- 
ing a difference of 0.503=^=0.024. The distribution f>f variations 
in the two subordinate clones, separately and cinnbined, is 
shSwn in figure 7. The dimodality of Cdone A is clearly the 
result of the combining of these two groups (neither subordinate 
clone breaks up upon further analysis nor does any other method 
of dividing Clone A reduce its dimodality. The appearance of 
this diversity gives no evidence of a cumiilativ'e inheritance of 
variations. The change was quite sudden, resulting in a difference 
after one generation as great as the difference in any later gener- 
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ation. Tho individual AlA must be looked upon either as a 
mutant or as, more probably, a polyp of another clone inlroduced 
by accident into the culture.^ It seems to be hereditarily differ- 
ent both from (Jlone D and from the remainder of Clone A. 

Diverse races which can be recognized at a glance are extremely 
rare in the populations near Baltimore. Several times fifty 



Fig. S Diagram of the size j^lations of two clones kept under similar con- 
ditions, L and F. From camera sketches of individuals of estimated average 
size. 


or more clones have been started with polyps from different 
localities but only twice have distinct races appeared which were 
recognizable within a few generations. The first of these wore 
Clones A and D. In August, 191 3, a small polyp was found wh!cb 
produced very vsmall buds. At first it seemed unhealthy but the 
buds iiKTcased in size and began to multiply rapidly. Un- 
fortunately the culture could not be continued and the clone was 

® The opportunity for cmitamination was given by the use of Elodea stalks 
in these cultures, as in the early part of the experiment no certain method of free- 
ing them from foreign Hydras had been devised. 
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TABI,K 15 

A comparison of the mean 7iumhcr of (cntoclcs of clones T, L, on<l }{ 
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N^O. OF TFXTACLKa OP STEM 
MOTHKH 
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j{ 

8 

G -050^0 .()<si 

40 
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G.:)13:to,o;^G 

iri4 

I 


G 184 to. 033 

152 






Difference (7’— L) 0.3‘2S±0.0}() 


lost before many individuals had l)eon obtained. However, tlie 
difference between this and another clone, L, kept under the 
same conditions was so marked that it seems certain lhat the 
small race represented a distinct ji;en(dy|Mc The size relations 
of the polyps of the two clones is shown in figure S, taken from 
camera lucida sketches of estimated average individuals. 

More frequently the differences are less pronounced. Table 
15 gives the constants obtained for three clones bred during July 
and August, 191^. CJoncs T and L were continued after R was 
discarded and the constants for their full numbers are given 
separately. They were grown in individual cultin’cs under 
parallel conditions as in the first experiment and seem to l)e 
hereditarily distinct. 

These are the only races which I have cultivated under (‘xactly 
parallel conditions and no evidence upon the number and variety 
of such races is available. 

Varieties of Hydra in the earlier lilcraiurc. dhe extensive 
literature dealing with Hydra gives fref[UGnt suggestions {>f the 
existence of local varieties of the three g(Mierally ]‘ecognized 
species, and one or two descriptions seems really to establisli 
their existence. The statements concerning llie size of H. 
viridis made by Baker, Trcmbley, Rosel, Ikillas, and Kastner 
(liffer considerably but are not conclusive. Marshall f 82) de- 
scribed a variety of H. viridis from brackisli watei’ which remained 
distinct from the fresh water forms even after cultivation for 
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many generations in fresh water. The systematic literature 
and the studies of gonad production by Brauer, Downing Nuss- 
baum, Wcltner, and Koelitz, suggest the existence of monoecious 
and dioecious varieties. The experiments of Tower show two 
types of H. viridis differing in their reaction to the ulto- violet 
rays (?) and in the time required for regeneration.® Annandale 
has described a variety of H. gri^ea from India which is char- 
acterized by having a four-tentacled winter form producing 
gonads. Whitney has been able to establish varieties of H. 
viridis without green bodies. 

Summary 

To sufh uj) the present section of the work : It has been found 
that within a wild popidation of H. viridis there are hereditarily 
diverse rac'es whic'h di^er in their number of tentacles at sepa- 
ration from the parent, in their size at a given age, and less cer- 
tainly in other characters. The differences between such races 
are permanent so long as the races are kept under the same 
emdronment. The evidence favors the view that the differences 
are truly genotypic (with the reservation that Jj^ey are possibly 
the result of differences in the age of the clones). 

IV. INHERITANCE OF VARIATIONS WITHIN THE CLONE 

Inheritance of variations within the clone may be tested in^ 
two ways; first, by an analysis of the resemblance between 
parent and progeny by statistical methods; second, by a con- 
tinued selection of variates, which should change the type of the 
clone if the variations are inherited. As has been shown in the 
discussion of Hanel’s data, selection of variates within the clone 
seems, on the average, to have no effect, yet there is usually a 
positive correlation of parent and progeny with respect to the 
selected character. Pearson has subjected Johamisetf s data for 
the selection experiment with beans to a similar analysis and 

® I have made many attempts to repeat Tower’s experiments, using different 
types of arcs, with and without interposed glass, but have never obtained the 
sloughing of the ectoderm which he describes. 
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has shown that in these pure lines there is likewise a correlation 
betw^een parent and progeny. His explanation of this seemingly 
anomalous condition and the criticism which has been urged 
against selection experiments in general where ^dhnorin's method 
is employed is based upon the small numbers selected. Pearson 
i ‘ 10) , discussing Hanehs results, says : 

In selecting a few isolated individ\i:ils in eaeli genuTation, wlu'u* 
lion-hereditary influences are so influential, avc may hn-ik tlie inlhumcn 
of heredity at each step, and since such intiuences are e<iually effci-tivt^ 
with heredity, the chances are that we will do so oihh' in ev^ny /iro 
selections. Only by taking large numbers of the high and large num- 
bers of the low would it have been possible to average out, the efVeels 
of environmental changes. 

The only ways in which this criticism can be met are by wry 
extensive selections involving large numbers of individuals, or 
by a study of variation and environment which shall make 
possible a differentiation between heritable and noudiei'itabh^ 
variations, upon some other basis than that of ancestral correlation. 

Resemblance of close rUatives vnthin the done 

Number of tentacles.' In all breeding experiments the ])olyps 
have been so recorded that the number of tentacles ofihe Inids can 
be compared with that borne by their parents, both at the lime, 
when the buds were produced and when the ]iarents themseh'cs 
were buds. Comparisons of both numbers must be made in 
order to answer two distinct (questions: (1) do the offspring 
resemble their parents when the latter were in the same stage of 
development: (2) are the variations of the parents during their 
development transmitted? 

To test the first question the correlation between the initial 
number of tentacles of the parents and that of their buds was 
computed. Since there is reason to believe that Clone A is 
impure, it was divided into the tW'O subordinate clones mentioned 
earlier and the constants were computed for these. If there is 
a cumulative inheritance of slight variations this division should 
affect only the probable errors of the correlation constants. A ho 
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coefficients of correlation obtained in this way are given in 
table 16. Only one of these, that of Clone D' is more than twice 
its probable error^ and this one is negative. The others are all 
too small to have any significance. The large negative corre- 
lation of Clone D' is the result of the inclusion of a single parent 
(the stem parent of the clone) which produced a large number 
of progeny with few tentacles and was thus heavily weighted in 
the computation of the coefficient. 

The Clones A - (AlA) and D contain such large numbers both 
of parents and offspring that it is almost certain that the low 
correlation is not the result of chance, but truly expresses an 
almost total absence of similar variations in parent and progeny 
within the clone. In so far as the coefficient of correlation is a 
reliable test of heredity we may conclude that there is no inherit- 
ance of \^ariations in the initial number of tentacles of Hydra 
viridis. 

For Clone D the fraternal and grandparental correlations weiv 
likewise computed; they are given in table 17. Like the parental 
correlation, the grandparental is too small to have significance. 


TABLE IG 

C<trrf}ali<tn of the iniliol number of tentaeles of parents and proyenywilkin the elone 




NO. OK KAHKNTS 

NO. OK i’ltOCKN'V 

('lone h) 

0.00.‘^8±D.01<S 

251 

1395 

('lone A — (M Ll 1 

n.tJOll ±0.023 


859 ' 

Clone At A 

1 0.0342 ±0,032 


439 

{'lone ir 

0.2420 ±0,051 

' 18 ! 

153 

('lone .C 

j 0.0310±0,047 

28 

204 

Clone T... ■ 

1 0.0750 ±0.054 

1 

51 ' 

i 

■ 154 


TABLE 17 



Ancestral correlations, clone D 





1 

NO. OF PARENTS 

1 

N'O. OF PRO*.: KM' 

( PAIRS,) 

I’jin’int.'il 

j 0,0038-0.018 

251 

1395 

Crandpavent:)i 

! -0,0495 ±0.018 

68 

1307 

Fraternal 

0,0770=^0.000 


1076C. 
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The fraternal is only slightly greater and its value is doubtful. 
It will be considered again in the discussion of the cause of an- 
cestral correlation within pure lines and clones. 

The second question, do the parents transmit to their buds 
tlie characters which they have when the buds are formed,* in- 
volves one of two concepts. Either the elTects of environ- 
mental action must be transmitted or the organisni must con- 
tinilully change in its hereditary potentialities during its develop- 
ment in order that its transient characters shall be inherited. 
Something of the latter conception seems to be implied in Pear- 
son’s doctrine of homotyposis. 


TABLK IS 

Correlation between the orig{7]al n}trfihcr of tcuiacJefi of hmh and the niu/thir Ixtrne 
by the parents at the ti77ie irhen earh hud iras pnuluccd 




Nil. Ill' f.\in:\is 

Nil, ll|- rHOlil.N Y 

( loilG Id 

0.()%±().UIG 

IV)! 

1 3!),'> 

( 'lone .1 

().L’4()± 0.000 

242 

1333 

done A. Orandpareotal , . . 

0 .220 ^^0. 013 


1004 


The correlation of the number of tentacles of the buds with 
that of the number borne by the parents when each bud was 
produced has been computed for ( !lones D and A ; those ai‘e given 
in table 18. The high correlation of (done A is obviously the 
j’esult of the inclusion of the two diverse strains !)ut a compari- 
son of the parental and grandparental correlations within this 
clone shows that there is a slight positive parental (‘ornTation 
which is not the result of the mixture of the two types. (The 
imrental correlation w’ould not be higher than tlie grandixirental 
if the inclusion of diverse types were tlie only cause of correlation). 
This correlation is certainly very small, and that of (done I) 
is also too small to have significance wlien considennl alone, 
but the fact that these correlations are greater than the ones 
obtained for the initial number of tentacles indicates that there 
is here some factor tending to produce a resemblance between 
the mature parent and its buds. This is also the impression 
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given by the average parental correlation of 0.101 found for 
HanePs clones. 

What is the significance of such a small coefficient of corre- 
lation in an organism so subject to environmental influence as 
is Hydra? PearSon holds that the presence of variations due 
to environment would tend to obscure the real correlation be- 
tween parents and offspring and hide any .real inheritance which 
might exist. Aly data upon the relations of variation to environ- 
mental changes indicates that the latter may be more effective 
in producing a likeness between close relatives than in obscuring 
such a likeness. Some conditions producing like variations in 
parent and offspring in Hydra have been considered already. 
Any great diversities in the conditions of the cultures would re- 
result in a correlation between parent and progeny, even though 
there were no inheritance of the variations studied. Such con- 
ditions have been found b}' Agar in daphnids and plant lice and 
probably account for the ancestral correlations found by Warren 
in these forms. 

The production of a correlation in Hydra by the action of 
diversities of environment may be illustrated by a consideration 
of the change in the rnean of clones during long periods of culti- 
vation. Figure 5 shows that the mean number of tentacles of 
the buds produced by (flones A and D during the first few 
weeks of cultivation was low ; that it increased gradually during 
the first six weeks, and then decreased again. Al\ the buds 
produced during each of these five-day intervals were correlated 
with one another. This gave the following results: 


C<jff!lr’ent of correlation No. of pairs 

Clone .4 0 .0774 . OUlo 95141 

Clone n .0,1313 ±0.0014 101872 


Correlation of all buds produced in each five day period with 
all produced in the preceding period (a time interval correspond- 
ing to a full generation) gives for Clone A a correlation of 0.048 =*= 
0.001 which is greater than any of the parental correlations found 
for the initial number of tentacles. 
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These ^correlations show a resemblance between the buds 
produced within a limited time as great as that found between 
the closest relativeSj although these buds were no more closely 
related to each other than to those produced during other iive 
day intervals. This same effect would be visible in the cor- 
relation between parent and progeny wheueATr se\’eral gener- 
ations are included in the same correlation table, as is necessary 
in the case of Hydra. 

Such effects of environmental action seem adequate to account 
for all the coefficients of correlation gi\’en by Hanors data and 
for the very slight positive correlations found for the initial 
number of tentacles in my own clones. The fact that the luimber 
of tentacles of successive buds increases with the increase in the 
number of tentacles of the parent accounts for the slightly larger 
correlation found between the number of tentacles of the pareiiia 
and offspring recorded wdien each bud was produced, ^^dlether 
the increase in the number of tentacles (jf the i)uds is an inherit- 
ance of the variations taking place in the parent with growth, or 
is only a temporary effect of the incrcas(Hl vigor of the parent, 
must be tested by the success or failure of an attempt to modify 
the character of the race by the continued selection of variates. 

The effects of selection within the clone 

The second method of testing inheritance, that of c(mt.inued 
selection of variates, offers a good many practical difficulties in 
Hydra owing to the sensitiveness of the polyps to environmental 
changes. A specimen,of H. viridis, collected in the late summer 
of 1914, was used to found a large clone. Its progeny were 
bred in individual cultures until 85 members of the clone were 
obtained. These gave a mean of 6. 141 ±0.058 with the dis- 
tribution shown in table 19. From this clonal population 25 
polyps with seven tentacles and 25 with six or less were seh^ffod. 
Each was kept until it produced a bud varying from the mean 
in the same direction as itself. This bud was then selected and 
kept in the same way until it in turn produced a bud vai'ying 
in the same direction, and this selection was continued for three 
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TABLE 19 

Diniribulion oj variaies in the clone from which the fifty parents of the selected lines 
were taken. The polyp from ivhich this clone was derived bore 9 tentacles 


.Vuijiber of tentacles.. ! 

Number of polyps. 

a 

1 1 

1 

4 

2 

5 

9 

6 1 
45 ; 

7 

28 

85 1 


Mean 



i 

1 


6.Uli0.058 



months. At the end of this time a record was kept of all the 
progeny of the last selected generation in each of the 50 lines. 
The continued freezing of the food pond made it necessary to 
bring the experiment to a close when an average of 12 buds 
had been obtained from each of the members of the last selected 
generation. The selection covered an average of 6.08 gener- 
ations in the group selected for seven or more tentacles, and of 
7.92 generations in the group selected for six or less. The average 
number of tentacles of selected generations of the plus selected 
group was 7.008, that of all selected generations of the minus 
selected group wu'ii 5.560, giving an average ol 1,448 tentacles 
as the amount ol dl^lerence per generation between tire sjelected 
ancestors of the two groups. 

_ The first effect of the selection was. a marked reduction in the 
vitality of the group selected for a small number of tentacles. 
The rate of budding of the group was reduced and some of the 
polyps showed symptoms of slight depression. Four of the buds 
of the last selected generation of this group, after maturing and 
producing from four to eight buds, went into a depression which 
lasted for a week or more and were reviv^ only with difficulty. 
The reduction in the vigor of the minus selected group intro- 
duces a complication into the study of the effects of selection, 
for the transmission of reduced vitality, or of characters depen- 
dent upon reduced vitality, is not a proof of heredity, unless, 
indeed, the changed condition prove quite permanent. 

The total number of progeny obtained from the last selected 
generation was 583, of which 309 were from the parents selected 
for a large number, arid 274 from those selected for a small 
number of tentacles. The distributJon of variations in the two 
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groups is shown in table 20. The offspring of the plus selected 
group have an average number of tentacles 0.093*0.035 higher 
than that of the minus selected group, which as an effect of 
selection is scarcely significant. It is about what would be 
expected for a strength of heredity expressed by the parental 
correlation of 0.01 (table 21). ^ - 

Whether this effect of selection proves that the progeny 
inherit one one-hundredth of the variation of their parents, or 
is merely the effect of a- temporary modification in the vigor 
of the selected groups may be tested by a comparison of the 
successive offspring of .the last selected generation. Such a 
comparison shows that the entire difference between the two 
groups appeared in the first six buds produced. The average 
number of tentacles of successive buds in the two groups increased 


TABLE 20 

Variations in the number of tentacles oj the offspring of the last selected generation 
of polyps selected for a large and a small number of tentacles 


\ 


5 j 

6 

7 

8 MEAN' 

. . i 

Selected for a large niiiuber. . . 


1 

7 

, 89 

204 

1 9 0 . 095 ^ 0.023 

Selected for a small number.. . 

2 

9 

91 

m 

7 6.605 ^ 0.020 

Difference in the direction of 






selection 





1 0.095 ± 0 . 03 .'! 

TABLE 21 


Theoretical effect of selection of parents differing by 1-45 tentacles coniiyined for 
■ Fn generations when the strength of inheritance is that indicated by the 
coefficients of correlation given 


COKFUCIENTS OF i:OKHEl,.ATION 

4 

O.IU 

j 0.»;) 

0 . 0 ! 

Difference at successive gen- 
erations. 

Parental generation 

0.000 

0.000 

0.000 

■ 0.000 

Fj 

0.725 

0,145 

0,073 

0.015 

Fa 

1,098 

0.276 

0,141 

0.029 

F, 

1.274 

0.393 

0.207 

0.043 

F4 

1,362 

0,408 

0.260 

0.057 

F, 

1,406 

0.594 

0.328 

0.071 

F. 

1 ,428 

0,089 

0 : ts 4 

0.084 
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TABI^ 22 

AvtTagca oj the firi^t six and of all later buds produced by polyps selected for a large 
and oj those selected for a small number of tentacles 



.^VER^OE OF FIRST 

SIX DUDS 

1 AVEDAGF. OF Al.I. 

LATER BUDS 

1 

Panmts sch'ctcd for a large number of i 

! j 

6,677^0.029 

1 

6.712=^0.030 

Parents selected for a small number of ' 
tentacles 

6.460*0.034 

6.782*0.037 

Difference in the direction of selection, . . 

0,217*0.044 

-0,070*0.047 

as usual but those of the minus selected group 

increased more 


rapidly and to a greater extent than that of the plus selected one. 
This is shown in figure 9. The averages of the first six and of 
all later buds of the two groups is given in table 22. The differ- 
ence in favor of the plus selected group in the first six buds is 



9 Ylie average nimilicr of tentac'les of tlie successive buds produced by 

the last selected generation in the selection experiment; ( ) ancestry s.electe,d 

for a large number of tentacles; ( ) ancestry selected for a small number 

of tentacles. 


0.217=^0.044. There is no significant difference between the 
later buds of the two groups. 

Since not all parents produced the same number of buds it 
seemed possible that this decrease in the difference between the 
groups might be due to a larger percentage of the progeny of more 
vigorous polyps among the buds produced after the sixth, but 
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the data given in figure 9 shows that this is not the case. There 
is no difference between the averages of the seventh and of the 
eighth buds of the two groups and all parents produced at least 
eight buds. ‘ ■ 

The likeness of this result to that obtained from regenerating 
polyps (fig. 3) is very striking and there can be little doubt that 
it is due to the same cause, a reduction in the vitality of one of 
the groups compared. Selection of polyps with few tentacles 
resulted in the selection of those with low vitality and as soon 
as these were given time to regain their health they produced 
buds varying around the mean of the race. Selection produced 
no permanent change in the type of the clone studied. 

Lnhmtance of size 

From the measurements of the size of polyps in Clones A 
and D the correlations in size betweer^parents and offspring and 
grandparents and grandchildren within these clones were com- 
])uted. These coefficients are given in table 23. In every 
case they arc positive and the parental correlation of Clone A 
is very high, more than six times that of Clone D, The grand- 
parental correlations are negligible but the low grandparental 


TABLE 

Ancci^trnl corrchdioii^ for size 


i 

i 

COKFFICIEXTS OF 

CO Ft HEI,.\T10-V 

COF'.FFICIENTS OF 
ntXillKSSlON 

Clone D 

Parent and offspring i 

♦0.058^0. 035 

0.05G 

Orandparent and grandchildren j 

0.018 ±0.0.36 

O.O'iO 

Clone A \ 

Parent and oHspring i 

. 0.3.58 ±0.030 

0.28,5 

Grandparent and grandchildren 

o.o3o±o.n3r) 

0 048 

(.'lone A lA 

Parent and offspring 

Clone A- (A Ll) 

Parent and offspring 

0.009±0.10G 

1 0.255±0.063 
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correlation of Clone A shows that the high parental correlation 
is not wholly the result of the mixture of two races in Clone A. 
(>}mputation of the parental correlation for the two subordinate 
clones confirms this, giving the following coefheiej^ts: 

' Coefficient of correlatio/i 

('lono At A 0.009 ±0.106 

Clono A ~ {AlA) .0.25o±0.C63 

After this division the correlation is still significant and is 
four times as great as that found for Clone D. An examination 
of the data for possible environmental causes of correlation 



I'ig. 10 Changes in the average size of the buds produced during successive 
ten-day intervals by (Clones A and D, The ordinates represent the mean sizes 
in cubic millimeters of all measured buds produced during ehch ten-day period; 
the abscissae, the successive ten-day periods. 


gives the result shown in figure 10. As in the case of the nujnber 
of tentacles, there was a considerable change in the mean size 
of the buds produced at different times during the experiment. 
The correlations between all buds produced in each of the 
five-day intervals were: 

Coefficient of ccrrelaiion 

('lone D ..0,0118 

('Ume A - (At A) .0.0952 

There is here the same difference in the size of the correlations 
of the two clones which appeared in the parental correlation but 
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the correlation due tO the. changing clonal mean is too small to 
account for the parental correfation. No adequate data for a 
further analysis of the correlation in size is at hand, and it may 
be that variation in size within the clone is actually inherited 
but, although conclusive evidence against this is lacking, too 
much trust should not be placed in the parental correlations. 

The following points, while based only upon general impres- 
sions gained during the experiments and subject to correction 
by further experimental test, indicate some of the factors which 
may have been instrumental in producing a high parental cor- 
relation for size. Size is a character which is modified much 
more readily and quickly than the number of tentacles by changes 
in the environment. Hydras, placed in a 0.1 per cent solution of 
NaCl, in a very few days^ become dark in color, small, and 
produce small, dark-colored buds. Similar changes in size follow 
extreme changes in temperature. Upon Jbhe restoration of opti- 
mum conditions the normal size is resumed very quickly. Star- 
vation is effective in much the same way but to a lesser extent. 
When a Hydra has been injured slightly, or has passed through 
a flight depression it grows smaller and produces small buds 
J)ut eventually both buds and parents resume the normal size 
of the clone. The size, indeed, seems to be a matter of the 
immediate state of nutrition of the polyps. Clone A was more 
readily modified by such agents than was Clone D. This is 
shown by the following data for the number of tentacles of 
polyps from mass^cultures with and without food for three months : 


S-monlk mass cultures With food Without food Di^erence 

Clone A 6,80^0,06 5,52±0.04 1.28^0.07 

Clone D 5,52±0.0o o.31-i^0.03 0.18±0.06 


and by the changes represented in figure 10. Corresponding to 
this fact, the correlations between the relatives in Clone A are 
higher than in Clone H, which justifies the suspicion that the 
correlation between parent and offspring for size within the 
clone is really .due only to the action of the environment. 
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V. DISCUSSIO\^ OF RESULTS 

The experiments reported show that populations of Hydra 
viridis consist of races which have different hereditary corrsti- 
tutions. The diversity beUveen two such strains persisted for 
so long as they were kept under observation (143 days) and so 
long as the different strains were^ kept under similar and favor- 
able conditions tliey showed no tendency to approach each other 
in character. The distinguishing characters of the different 
races studied were not, however, hxed in the sense of remaining 
constant througli fluctuations in the environment but under- 
went changes c()iTes]>()nding to changes in the environment. 
In general, the di\'erse clones responded to such changes in the 
same way and to tlie same degree, although in the face of very 
unfavorable conditions the larger strain was most affected and 
under conditions of almost comj)lete starvation the strains 
became much moi'c siAiilar. 

‘ Little evidence has been obtained as to the cause and funda- 
mental nature of the difference l.'ictwecn the clones. The diverse 
characters noted, number of tentacles, size, color, and age at 
which asexual reproduction is begun, may all be modified by 
clianging the environmental conditions and the changes thus 
])roduced in the first three characters mentioned are correlated 
ill the same way that they arc in the diverse races (large size, 
many tentacles, and light color occur together) so that it is pos- 
sible that the diversities in these three characters are due to a 
difference in some single set of physiological processes. Failure 
to obtain sexual reproduction in H. viridis has made it impossible 
to determine the relation of tiie diverse races to gametic processes 
and to the supposed life cyile of Hydra but there is certainly no 
relation between the diversity of the clones and the phenomena 
of hlepressioiv which have been thought to mark periods in the 
life cycle. 

The existence of diverse races of Hydra is in accord with the 
results of Jennings, Woltereck, Shull, Whitney and Agar gained 
from the study of clones of other invertebrates and, indeed, the 
volume of evidence from zoological and botanical literature 



INHERITANCE IN ASEXUAL REPRODUCTION 


203 


leaves no doubt that the existence of diverse races within the 
species is a general condition in all phyla. 

The problem of inheritance of variations within tlie clone 
presents much greater difficulties and there is much conflict 
between the* results of different investigators. The work of 
WTiitney has shown that in Hydatina diverse strains may arise 
in a clone descended from a single fertilized egg^and Calkins and 
(Gregory report similar results for Paramecium.’ In these cases 
there is, however, no intimation that the inheritance of variations 
is a general characteristic of asexual reproduction or that tlie 
change is the result of the accumulation of slight xaiiations. 
*The four studies in which there is an ai)pearance of inheritance 
of continuous variations within the pure line or clone are those 
summarized by Pearson in 1910; the studies of Johaimsen on 
beans, Warren on Daphnia and Hyalopterus, and Hand on 
Hydra. In all this work the evidence for inheritance can he 
drawn only from the ancestral correlations, while the evidence 
from the effects of selection seems to point the other way. The 
(question of the relative values of the coeflicient of coiTehition 
and of selection experiments hence becomes of great im])ortance. 

In Agar’s recent study of inheritance in parthenogenesis, 
where great precautions were taken to rule out the influence of 
environmental agents, Ihere is no significant correlation between 
parent and progeny within clones of Cdadocera ami siiflici(mt 
evidence of environmental causes of correlation is ]:>resented to 
account for Warren’s results with Daphnia. For A])hids he 
finds, with Warren, a slight ancestral correlation Init the e\'i- 
dence for an environmental cause of this correlation, wliile ])er- 
haps not absolutely conclusive, is sufficient to make the ancestral 
correlation in these forms of very ddubtful \'alue as an index of 
inheritance. Ewing’s selection experiments with Aphis avenac 
offer further evidence against the inheritance of variations in 
these forms. 

The results recorded in the present paper arc quite in accord 
with those of Agar on Cladocera and sho^v that for Hydra 
also the ancestral correlation is untrustworthy as a measure of 
inheritance. 
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"fhere remain only Johannsen’s data on Phaseolus giving 
evidence of an ancestral correlation within the pure line. The 
evidence adduced by Pearson indicates only a slight correlation 
here and the recent work of Harris ('12) upon the transmission 
of the effects of unfavorable cultural conditions indicates that 

tlie real cause of this correlation is likewise environmental. 

«- 

VI. SUMMARY 

1. Populations of Hydra consist of hereditarily^distinct strains 
which differ in initial number of tentacles, size of body, color, 
age at which asexual reproduction is begun, and perhaps in other* 
characters. 

2. In the absence of selection these strains remain distinct. 

3. Within populations there is a correlation between the 
characteristics of parents and progeny and of other close relatives, 
which is largely due to the existence of these diverse strains, 

4. Within the clone there is no significant correlation between 
the variations of close relatives in the initial nu,mber of tentacles. 

5. Within the clone there is a slight correlation between the 
number of tentacles of the buds and the number of tentacles 
which their parents bear when each bud is produced. 

6. Diversities of environment tend to f>roduce like variations 
in panmts and offspring and this likeness tends to disappear 
when the environmental cause is removed. . The existence of 
such environmental agents is sufficient to account for the^nces^ 
tral correlations found, even though there is no inheritance of 
variations. 

7. Continued selection of variates in tentacle number results 
in changes in the vigor of the selected groups. This results in 
an apparent diversity of the differentially selected groups but 
the diversity persists only during selection and disappears at 
once when selection is discontinued. Variations in the number 
of tentacles of Hydra viridis are not inherited. 

8. There is a positive correlation between the variations 
in the size of parent and offspring within the clone. No statis- 
tical evidence of an external cause of this correlation is presented 
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but from general considerations it seems probable that this^ 
like the correlation of variations in the number of tentacles, is 
due wholly to the similar action of environmental agents upon 
parent and offspring. 
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APPENBIX 


The correlation tables from which the principal constants 
given in the body of the paper were obtained are appended here. 
In all cases where the tables include an earlier and a later gener^ 
ation the ascendants are arranged in the rows, the descendants 
in the columns. In those cases where there is no qualitative 
difference between the members of pairs, as when siblings are 
correlated, the pairs are entered only once, according to the 
method recommended by Jennings (^H). The tables from which 
the correlations for size were computed arc not included because 
of their great b\ilk and the lack of certain evidence upon the 
environmental modification of size. 


TADLE 24 


Clone I): Correlatio7i between the initial 
numbers oj tentacles of parents and 
ojfsprinif 



4 


6 

7 8 


4 


12 

17 

1 

30 

5 ‘ 

23 

126 

233 

7 5 

394 

6 

76 

193 

542 

49 23 

883 

7 

G 

37 

<11 

2 

86 

8 

1 

1 



2 


106 

369 

833 

C5 

1 1395 


r=0. 0038 ^0. 018 


TABLE 25 


Clone D: Correlation between ike initial 
numbers of tentacles of grandparenUs 
and grandchildren 



4 5 6 7 8 


4 

2 9 27 

38 

5 1 

16 no 242 7 ! 

375 

6 1 

GO 

816 

7 

11 13 51 1 , 

76 

8 

11 

2 


113 344 826 19 5 

1307 


r = ~0.0405=t0.018 


TABLE 20 


C/onc D: CoTrelaiion between the 7iumhers 
of tenta^cles of members of the same 
fraternity 



4 5 G 7 8 

i 

4 

6 133 273 24 

' 436 

5 

896 3503 290 12 

4701 

6 

4550 969 31 

5550 

7 

77 2 ' 

79 

i 

6 1029 8326 1360 i'o 

I107G6 


r=0. 077=^0.006 


TABLE 27 

Clone D: Correlation oj the initial 
number of tentacles of ike offspring 
witk the number of tentacles „horne 
by the parents -when each hud was 
produced. 



4 5 6 7 8 


4 

9 19 2 i 

30 

5 

6 95 267 '21 5 ’ 

394 

6 

8 119 623 no 23 i 

883 

7 , 

32 45 9 1 

86 


1 1 ! 

2 

1 

i 14 255 955 143 28 ' 

1395 


r-0. 096=^0.016 
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TABLE 28 


Clone A-{A1A): Correlation between 
the initial number of tentacles of 
parent and ojff spring. 



s' 6 789 


4 

; 3 

3 

5 

1 18 17 6 

42 

6 

14 140 109 31 2 

296 

7 

23 222 133 67 10 

455 

8 ; 

4 31 13 13 1 ; 

62 

9 

1 

1* 


42 412 275 117 13 ; 

859 


r = 0.0011 ±0.023 


TABLE 30 

Chm A: Correlation of the initial 
number of tentacles of the offspring 
■with the number of tentacles borne 
by the parents when each bud was 
produced 



5 6 7 8 9 10 


4 

3 5 1 

9 

5 

7 40 32 11 3 

93 

6 

24 255 182 101 23 5 

590 

7 

16 125 221 159 63 5 

589 

8 

3 9 28 21 8 9 

69 

9 

1 2 

3 


50 432 468 293 100 10 

1353 


r = 0.240 ±0.009 


TABLE 32 


Clone D'. Correlation between the ini- 
tial numbers of tentacles of parents 
and off.spring 



4 5 6 7 


4 

1 1 

2 

5 

1 2 14 12 

29 

H 

3 7 67 37 

114 

7 

3 3 1 

7 

8 

1 

1 


8 8 85 51 

. 153 


r = -0.242±0.051 


TABLE 29 


Clone AlA: Correlation between the 
initial number of tentacles oj jmrcnt 
and offspring 



4 5 6 7 8 

! 

4 

3 1 

i 4 

5 

1 9 32 8 

50 

6 

4 01 177 32 4 

278 

7 

31 62 9 2 

104 

8 

2 1 

3 


5 101 276 51 6 

439 


r=-0.0342±0,032 
TABLE 31 

Clone .4; Correlation between the initial 
7iu?nher of tentacles of grandparents 
and grandchildren 



5 

6 


8 

9 


4 

9 

1 

1 

2 


0 
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4 

24 

15 

15 

3 

Cl 

6 

39 

139 

139 

104 

12 

433 

7 

36 

53 

155 

219 

47 ' 

510 

8 

8 

7 

18 

48 


81 

9 



2 

1 


3 


89 

224 

330 

389 

62 

1094 


r = 0.229 ±0.019 
TABLE 33 


Clone A\ Corndation between the ini- 
tial numbers oj leniacles of parents 
and offspring 



6 7 H l» 


5 

1 2 

3 

0 ' 

3 14 11 5 

33 

7 

24 78 34 12 

118 

8 

10 7 3 

20 


28 K)4 52 20 

204 


r = 0.03l±0.047 
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TABLE 34 

Cl(i7t€ A: Correhitidn beltceen the numbers of tentacles of all buds produced in each 
arbitrary five-day period. Each hud is paired in the table ivith all*tke others 
produced in the stnae period 



4 5 6 7 8 9 


4 

2 82 355 270 20 

729 

5 

574 5572 4300 4S4 4 

10934 

0 

17277 35067 38,50 102 

57205 

7 

20742 4082 254 

25978 

S 

264 30 1 

294 

<) 

1 

1 


2 656 23204 61270 0609 391 * 

1 95141 


r =0.0774=^0. 0015 


TABLE 35 


Clone A.’ Cor relation of the numhersof tentacles of all buds produced in each five-day 
period u'ith. all buds produced in the preceding five-day period. Each hud 
/.S' jtaired indii'idiifiUy v'ilh all hud.s produced in the preceding period 



4 5 (i 7 8 9 


4 

9 87 374 372 42 1 

885 

5 

(;() 846 4099 4552 461 5 

10920 

6 

245 5084 32259 33039 3897 81 

74605 

7 

153 3073 32S73 38143 4650 94 

79880 

S 

1() 495 3866 4352 527 9 

9265 

9 

4 55 . 03 11 1 

163 


480 10489 74426 80551 05^8 100 

175733 


r-0. 048 =*=0.001 



TABLE 30 


('tone I): ('orreialiou bctivccn the numbers of teritar.les of all buds produced in each 


arbitrary five-day period; arranged as in table. 34 



1 4 5 0 7 8 


4 

01 1845 2036 261 12 

1 

5100 

5 

8093 333<S1 1993 72 

44439 


41613 0265 484 

51362 

i 

797 168 

965 

8* j 

6 

6 

1 

91 10838 77930 12271 742 

. 101872 


r = 0.l313±0.0014 



the effects of certain salts, and of adapta- 
tion TO HIGH temperatures, ON THE HEAT 
RESISTA'TCE of PARAMECIUM CAUDATUM 

ROBERT H. HUTCHISON 

From the Zoolo^{col Labor nUmj of the University of Pennsylvania 
rt ONE FIGURE 

SFrECxi OF SALTS ON HEAT RESISTANCE 

The effects of certain salt solutions in increasing the resist- 
ance of various animals to heat are sometimes quite marked, 
and it seems probable that all animals of aquatic habit would be 
similarly affected under the proper conditions. Loeb and Was- 
tencys (Jour. Exp. ZooL, vol. 12, p. 543), found that salts exerted 
a great influence on the ability of Fundulus to withstand Sud- 
den changes of temperature. The maximum temperature into 
which these fish could, with impunity, be transferred suddenly, 
varied with the concentration of the sea-water or of a Ringer so- 
lution, being about 25‘^C. for a concentration of M/128 or 
M/64; 27/C. for a concentration of M/32; 31°C. for a concen- 
tration of M/8; and almost 33°C. for a concentration of M/4.” 
Dextrose solutions were found to lack this protective effect 
against a sudden rise of temperature. 

In a previous paper (Jour. Exp. Zook, vol. 15, p. 143) the 
writer mentioned a few experiments in which the heat resistance 
of Paramecium caudatum was increased when the animals were 
transferred to solutions of NaNOa, Nad, and KNO3, the whole 
death temperature curve being shifted two degrees higher on the 
scale. 

The results of experiments of this kind have never been satis- 
factorily interpreted, and there is still lacking a complete expla- 
nation of the protective action of salts against heat, ana of the 
acclimatizing effect of exposure to moderately high temperatures. 
Loeb and Wasteneys from their experiments with Fundulus in 
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sea-water, in Ringer solutions, and in CaCl 2 solutions, conclude 
that the protective action of these salts is not an osmotic effect, 
nor a case of antagonistic salt action, but specific effect of 
the salts of the sea water/^ But we are left in doubt as to just 
what this vSpecific effect is. Indeed the results of experiments 
described below seem to indicate that, in the ca^^ of Paramecium 
at least, the salts have no specific action, or ' so, such specific 
action depends upon the nature of the mediui ; in which the ani- 
mal has previously lived. No attempt is y^ade to offer any 
complete explanation. It is desired merely to set forth the facts 
as we found them as a modest contribution^' to the knowledge 
of the heat-resisting properties of living cells, with the hope that 
from an ever-increasing mass of data some generkl law may 
eventually ije worked out. 

^rhe following experiments were carried out during the winter 
of 1912-13 wliile working at the University of Pennsylvania 
under the direction of Dr. M. H. Jacobs. Pure lines of Parame- 
cium caudalum were used throughout, and the method of test- 
ing their resistance to heat was the same as that previously de- 
scribed (Jour. Exp. ZooL, voL 15, p. 183-134). In testing the 
effectf of salt solutions a small quantity of the medium contain- 
ing the animals was centrifuged and two drops of the dense mass 
of animals were transferred with a pipette to 10 cc. of the solu- 
tion in question. Vivo, drops of this solution containing the 
animals were placed in each of the small glass dishes used. Tho 
dishes were covered and arranged in order on the floor of the 
blood-serum oven. The experiments were always conducted so 
that the rise from room temperature to 45®C. was accomplished 
in about one hour. Beginning at 37°C\, or lower if necessary, 
the dishes were removed consecutively, one for each rise of one 
degree Centigrade. After at least one-half hour, for possible re- 
covery, the number of living and dead in each dish was counted 
and the percentage calculated. From the percentages the 
curves^or the fatal temperature zones and the mean for each 
(;urve were worked out in the manner described in a previous 
paper. Two pure lines of Paramecium were studied in some 
detail, the one growing in a medium of alkaline reaction, and 
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the other in an acid medium. The results will be described 
separately and then compared. 

Paramecium caudatuni in alkaline medium. The medium was 
prepared by boiling 20 grams of hay in 500 cc. of tap-water for 
five minutes. Two days later^ i.e., about the time of maximum 
acidity, just enough K/20 NaOhl was added to render the fluid 
neutral to litmus. The culture was then seeded with a single 
individual isolated from a pure line previously grown in the 
laboratory for soine weeks. Tlie animals developed rapidly 
and the culture remained densely populated for about four 
months. The medium soon became dark brown in color and 
decidedly alkaline to litmus, and retained its alkaline reaction 
throughout *its history. The effect of XaCl solutions was tested 
when the culture was about ten weeks old. C'ontrol experiments 
were carried out in every case at the same time, using five drops 
of the unchanged culture medium in each dish. The. results 
obtained with M/100 NaCl are summarized in table 1. 

Experiments with M/50 NaCl were carried out when the cul- 
ture was about three months old; the results are summarized in 
table 2. 


TABLE 1 * 

Effects oj M/lOO A'aCl on the heat resistance of P. coudotum from a7i alkaline 

niedijtm 




TKMI'KRATI RKS 



• IN M/100 Nad: sum of three 

- 






EXPERIMENT.^ 

38" 

w \ 

4(i” 

41® 

42“ 

4:r 

Total subjected to eacli temperature . . 


333 ^ 

322 

270 

374 

.305 

Xumber of deaths 

1 

1 0 

0 

10 

140 

305 

Percentage dead at given temperature. . 


1 0 

0 

7 

40 

100 

controls: unchanged medium, three i 







EXPERIMENTS 

! 1 






'totals subjected to each temperature. . 

i 

ISO 

oil 

103 

302 


Xumber of deaths 


0 

() 

24<S 

502 


Percentage dead at given tenipcrature. . 


0 

l.l 

03..^ 

100 



i 


t 





/in M/100 XaCl 
; in contruls 


MEANS OF THE ABOVE FATAL 
TEMPERATURE ZONES 


42.03* 
40 4)*^ 
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TABLE 2 

The effect of M /50 NaCl on the heat resistance of P. caudatum from an alkaline 
mcdiu7n 

j tempeuvtches 


IN .M/.50 Nad: sum of four 


EXPERIMENTS | 

27" 

38" 

39“ 

40“ 

41“ 

42“ 

43“ 

Totals subjected to each tem- 
perature 

05 

j 2G6 

370 

372 

380 

453 

430 

Number of deaths 

0 

0 

0 

0 

0 

200 

430 

PercentnKfi dead at fi;iven tem- 
perature 

0 

0 

1 

0 

3 

i ■ 

0 

44 

100 

controls; unthanged medium 

FOUR EXPERIMENTS 


1 






Total subjected to each tem- 








perature 

347 

555 

' 467 

475 

581 

555 


Number of deutlis 

0 

1 0 ^ 

1 24 

109 

490 

555 


Percentage dead at given teiri- 



1 





pe rat lire 

0 ’ 

0 ' 

5.1 

23 

84,3 

i 

100, 



MKANS OF THE AHOVE FATAL / ill M/50 XaCI 42.1° 

TEMPER ATTTRE ZONES \itl COlltrClls 40 3° 


It viill be noted from the tables that M/100 NaCl has raised 
the mean of the fatal temperature zone of this pure line L13°C., 
and that M/50 NaCl has raised it 1.8°(/., the stronger concen- 
Iratibn producing a slightly greater effect. Concentrations 
stronger than iM/50 had a toxic effect on this race^ deaths occij' 
ring at much lower temperatures than the controls. The effect 
of KCl was not studied except that it was found in one experh 
ment that M/200 KCl had a toxic effect, all the animals being 
dead at 38%^. In weaker concentrations it would probably 
have shown some protective action. 

Solutions of CaCb were tested on this same race, and weak 
concentrations had a marked protective action. When trans- 
ferred to M/300 CaCli nearly all the Paramecia died within 
two ho^rs at room temperature, while in M/3000 CaCb this 
race remained alive at room temperature for at least two weeks. 
Table 3 shows the effect of CaCb alone, and table 4, the effect of a 
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combination of NaCl and CaC^b. When the Paramecia were 
transferred to a medium consisting of 10 cc. of A 1/1 00 NaCl 
plus one drop of M/100 CaCls the results shown in table 4 were 
obtained. 


TABLE 

The effect of M/SOOO CaCh the heat resistance of P. caudalani from au alkolinc 

mediuni 



- 


TKMPKH 




IN M/3000 cad:-, sjm of four 

1 








ENPERIMEliTS 

■ir 1 

40“ 

41“ 

1 42“ 

43“ 

1 

* 

Totals subjected to eacli temperature. . 

286 

340 

276 

, 357 

310 

320 

Number of deaths 

0 

0 

0 

■ 191 

310 

320 

Percentage dead at given temperature. . 

0 

0 

0 

54.2 

07 . 1 

100 

controls; UNCHANGED MEDIUM, FOUR 







EXPEJIIMENTS 







Totals subjected to each temper.it lire. . 

444 

100 

310 

554 



Number of deaths 

0 

,i8 

314 

7)54 



Percentage dead at given temperature. . 

0 

11. T 

00.3 

100 




MEAXS OF THE ABOVE FATAL / ill i\['30()() CaCl-. 41. 98° 

TEMPERATURE ZONES i, ill controls 40 . 3 " 


MEANS OF THE ABOVE FATAL / ill i\['30()() CnCl-. 41.08° 

TEMPERATURE ZONES i, ill COlltrols 40.3° 


T.Mtl.K i 

The effect of ]\iaCl plus (’aCl^ on the heal resistance of P. caadatatn from an alhaline 

medium 

TKMI'KKATI RKS * 


IN Nad -f cadi! su.m of three 


EXPERIilENTS 

3<)“ 

40“ 

11’ : 

42“ 

4r 

44’ 

Totals subjected to each temperature . 

237 

: 228 

: 208 

391 

249 

235 

Number of deaths 

0 

0 

1 0 

31 

188 

235 

Percentage dead at given temperaturiv 

i 0 

0 

1 0 

7.0 

75.5 

100 

controls: unchanged medium, three 







EXPEKIME-NT.S 



i 




Totals subjected to each teriipcrature 

; 312 

1 294 

316 

309 



Number of deaths 

: 0 

58 ’ 

i 312 

369 



Percentage dead at given tcmperatuie. 

0 

1 i 

! 08,7 

100 j 




ME.ANS OF THE ABOVE F.ATAL / ill NaCl + (’uCii! 42.56° 

TEMPERATURE ZONES | in controls 40.3° 


ME.ANS OF THE ABOVE F.ATAL / ill NaCl + (’uCii! 42.56° 

TEMPERATURE ZONES | in controls 40.3° 
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Tlie tables show that in this race the solution of M/3000 
CaCh has raised the mean of the fatal temperature zone 1 . 68 °C. 
This is very nearly the same as the effect of M/50 NaCl, as 
shown in table 2. The most pronounced effect was produced 
by the addition of a little ("aCb to the solution of NaCl. In 
this case the mean was raised 2.26°C. The significance of these 
increases is all the more important vvhen one notices that the 
means of the control experiments are almost exactly the same in 
all the testSj although they were made at very different periods 
in the history of the culture. 

The effect of KXO 3 on this race of Paramecium is summarized 
in table 5. 

The mean death temperature of this race was 1.9°C. higher in 
M/50 KX();< than in the corresponding controls. In three ex- 
periments with M /100 KNO3 the mean was found to be 41.1°, 
a rise of 0.3°(/. above the corresponding eontrolSj which gave a 
mean of 40.8X / 

TABLE 5 

Thi^ cjfvri of .17/50 7v\VO.-j on the heat reaistance of P. caudat urn from a« alkaline 
medium 


EXPERIM ENTS 

37“ 

3S“ 

39“ 

40“ 

41“ 

42“ 

43“ 

Totals subjected to each tem- 
perature 

295 

781 

(134 

623 

735 

694 

691 . 

Number of deaths 

0 

0 

0 

27 

190 

210 

691 

Percentaf^e dead at given tem- 
perature 

0 

0 

0 

4.3 

25.8 

30.2 

100 

IN CONTR()I..S: SUM OF FIVP: 

EXPERIMENTS 

Totals subjected to each tem- 
perature 

224 

! 

3S0 ! 

584 ^ 

677 

1 

1 

723 1 

i. 

725 


Number of deaths 

0 

0 

' 221 ! 

500 

723 

i 725 ' 


Percentage dead at given toiii- 
pcralure 

0 

0 1 

1 

i 

j 39.5 

73.8' 

100 ' 

j 100 



MEANS OF THE ABOVE FATAL / ill M/oO KXO 3 41.4° 

TE.MFEK.\TURiii ZONES \ in controls 39.5° 


MEANS OF THE ABOVE FATAL / ill M/oO KXO 3 41.4° 

TEMFEK.\TURiii ZONES \ in controls 39.5° 
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Perhaps the most curious results of all \viere obtained when this 
race was subjected to the influence of M/GOO Na.COg, and to 
distilled water. Table 6 shows these results anti those of the 
corresponding controls, all of which were carried out at the same 
time. 

The results in table 6 show that distilled water was just as 
effective in its protective action for this race as was A I /GOO 
Na2C03, or M /50 KNO3, or as i\r 3000 Cado. The mean death 
temperature in distilled water was 1 . 78 °C. higher than the 
* corresponding controls. 

In cane sugar solutions there was no in-otective action mani- 
fest. In one experiment two drops of the medium densely popu- 
lated with Paramecia were transferred to 5 cc. of M/8 cane 
sugar. When subjected to heat some deaths occurred at 38 ° 
and above. This solution was much less effective than distilled 
water; indeed, it appeared to have a weakening effect. 


TABLE G 

The effect of M/600 NazCOi, and of distilled water, on the. heat, resistance of P. 
cau-daium from an alkaline media in 


IN M/COO NasCOs: sum of two 

TKMl'KUATr IIKH 

EXPERIMENTS 

30“ 

■iO” 

41” 

42” 

1 4r 

Totals subjected to each temperature 

145 

147 

132 

171 

151 

Number of deaths 

0 

0 

31 

105 

151 

Percentage dead at given temperature 

0 

4 

23.3 

61,4 

loo 

IN* DISTILLED WATER! SUM OF TWO EXPERIMENTS 






Totals subjected to each temperature 

117 

137 

105 

148 

188 

Number of deaths 

0 

0 

4 

97 

188 

Percentage dead at given temperature 

0 

0 

2,4 

65.5 

100 

controls; unchanged medium, two 






EXPERIMENTS 






Totals subjected to each temperature 

200 

210 

2C0 

209 


Number of deaths 

0 

115 

j 241 

209 


Percentage dead at given temperature 

0 

53.2' 

02.7 

100 


MEANS OF THE ABOVE FATAL TEMPERATURE 

ZONES 

f in ^1/600 NajCOj. 


41.02'’ 

< in distilled water, 
[in controls 


41.82° 

10.04° 
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The above results Agree with those of Loeb and Wasteneys, 
in one respect at least, in that they show that the protective 
action of salt solutions is not an osmotic effect. But when we 
find distilled water just as effective as three of the salt solu- 
tions used and almost as effecti^^ as M/50 NaCl, and the combi- 
nation of Na(Jl and C'aCb, it is apparent that in the case of 
Paramecium at least, the results are not due to the specific 
action of the salts.’’ 

8om(‘ results of tests with another race of Paramecia in an acid 
medium detract still more from the specific salt action as a 
satisfactory explanation. An account of some of these results 
follow. 

Parajficdum caudaturn in an acid medium. The culture me- 
dium was prepared by boiling 20 grams of hay in 500 cc. of tap- 
water for one-half hour. The following day it was seeded with 
a single individual isolated from another pure culture which 
had been growing in the laboratory for some time. This culture 
•medium retained its light straw color throughout. It was never 
as densely populated as the alkaline medium and died out sooner, 
i.e., in about three months. Most of the following experiments 
were performed when the culture was about two months old. 
It was still light colored and slightly acid to litmus. Tables 
7 and 8 summarize the results of tests with M/4000 CaCb, with 
M/100 NaCl, and with distilled water. 

It is to be noted tli^t the control experiments show that the^ 
normal heat resistance of this race was somewhat higher than that 
of the race from the alkaline medium, the average of all the con- 
trols of the acid medium being about one degree higher than the 
average of all the controls of the alkaline medium. This is 
just the opposite effect from that produced by acids and alkalis 
on the coagulation temperature of proteids. Further, it will be 
noted that the same salts (NaCl and CaCb) which gave the 
most pronounced protective action with the Paramecia from the 
alkaline medium, actually decreased the resistance of those 
from the acid medium. Considering the action of the salts 
alone it might be supposed that their effects were conditioned 
by the reaction of the medium in. which the animals had pre- 
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TABLE 7 

The effect of M/4000 CaCli on the heat resistance of P. caudattim from an acid 

medium 




TflMCKHATC 

KKS 


IN M/4000 cad 2: sum of two 





. 

EXPERIMENTS 


40’’ 

4r ^ 

42’ 

4,r 

Totals subjected to each temperature ' 

243 

200 

202 

[ 170 


Number of deaths 

0 

2(K) 

202 i 

170 


Percentage dead at given temperature 

0 

97 

100 ' 

100 


controls; sum of tmo experiments ^ 






Totals subjected to each temperature 

23S 

330 

143 

300 

295 

Number of deaths 

5 

23 

224 

210 

295 

Percentage dead at given temperature 

2.1 

7 

15.4, 

70 

1 

100 


MEANS OF THE ABOVE FATAL TP^MPERATURE i ill M/4000 ( ‘nCl- 

ZONES ill controls 41,55° 


TABLE S 

The effect of M/100 NaCI, and of distilled tcotcr, on the heat resistance of P. cauda- 
turn from an acid viedium 




TKMPKK.ATl'HKS 


IN M/100 Nuci; SUM of three 






EXPERIMENTS 

3!)’ 

40’ 

1 

42’ 

Totals subjected to each temjieraiure 

30H 

30S 

1 

299 

327 

Number of deaths 

0 

49 1 

1 242 

327 

Pcrccutagc dead at given (enipcraturc 

0 

15.8! 

81 

100 

• 

IX DISTILLED water: HUM OF THREE EXPERIMENTS 





Totals subjected to each temperature 

395 

300 

332 

429 

Number of deaths 

0 

72 

320 

429 

Percentage dead at given temperature 

9 ' 

18.5 

95.1 

100 

IX controls; unchanged medium three j 


1 



EXPERIMENTS 





Totals subjected to each temperature 

GG2 

I 085 

G22 

770 

Number of deaths 

0 

i lo 

190 

770 

Percentage dead at given temperature 

0 

2.2 

30.5 

100 


fin M/100 XaCl.. 40.5° 

MEANS OF THE ABOVE FATAL TEMPERATURE ZONPLS -j in (iistillod WatCT. . 40.3° 

fill cull trois 41.1° 
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viou^^ly existed. But distilled water was found to have the 
same effect, and some influence other than the salts seems to 
be the important factor. 

Taken as a whole, the above experiments seem to point to the 
conclusion that certain properiSes of the medium are important 
factors in the heat resistance of P. caudatum, and that such 
properties will predetermine whether a given salt solution will 
have a favorable or an unfavorable effect. Whether this is 
true for other ITotozoa remains to be determined, and a satis- 
factory explanation's yet to be proposed. 

KFKIX’TS Ol' ACCLIMATIZATION TO HIGH TEMPERATURES ON 
HEAT RESISTANCE 

A few experiments were carried out during the same season 
with a view to determining to what extent continued exposure 
to moderately high temperatures would influence the death 
temperature. Several attempts along this line failed, some on 
account of too sudden changes and some for other reasons. Some 
success was had with two cultures which were studied at fre- 
(pient intervals during an exposure of over two months to tem- 
peratures ranging from 2S° to 36°C. Pure line cultures of 
Pararnecia were used in these experiments. 

On January 30, 1913, a culture medium was prepared by tak- 
ing 35 grams of hay in two liters of distilled water. This was 
heated for a period of ten minutes at a temperature of about 
(>0°O. This was then divided equally between two culture jars 
so that each contained one liter of the fluid and about 17^ grams 
of hay. After cooling, each of these cultures was seeded with a 
single individual taken from a pure line which had been growing 
in the laboratory for 80 days before this date. The two result- 
ing cultures, which will be referred to as ‘30-a’ and 30-b/ may 
tlierefore be regarded as of the same pure line and growing in 
the same medium. On February 11 (12 days after the culture 
was started) 30-a was transferred from room temperature to a 
water bath at 28°C. The temperature of the water bath was 
regulated automatically and never varied more than 0.5° either 
way. The culture jar was so placed that the level of the cul- 
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turc fluid ingide was about one inch below the level of the water 
of the bath outside the jar. The mercury bulb of tlie theriuome- 
ter showing the temperature of the water bath was also placed 
about one inch below the surface of the water, so that it gave 
very closely the actual temperature to which the raramecia were 
exposed. The culture jar itself was of course ke]h covered with 
a glass plate at all times. The constant temperature of 28" 
was maintained for a period of 27 days. On March 10 the tem- 
perature was raised to 30"C. and on the 12th to 32°(\ After 
10 days at 32" the temperature was again raised to 34°. After 
16 days at "34° the temperature was raised on April 7 to 35°, 
and on April 15 to 36°, at which point it was maintained to the 
end of the experiment. On April 26 the culture was in \aTy p(X)r 
condition and very few animals were present. A little dry 
fresh hay was added to the medinm but it did not have any favor- 
able effect and the strain had completely died out by April 29. 

Strain 30-b was used as a check on 30-a, and was kept on a 
table in a. cool room, the temperature of which varied from 12° 
to 22°C. On April 29, when 30-a had completely died out, 
30-b was still in good condition, although not as densely popu- 
lated as in earlier periods of its growth. 

During the course of the experiment the heat resistance of 
both strains was studied at frequent intervals. The mean of the 
fatal temperature zone for each experiment was worked out in 
j^he usual way and these means arc plotted in figure 1. 

Another pure culture, 11-2, was started from an individual 
isolated on December 11, 1912. This culture was kept at room 
temperature until February 14, at which time it was transferred 
to the water bath at 28°C. From that time on until the cul- 
ture died out (April 25) it was subjected to the same temperature 
conditions as was 30-a. The mean death temperatures of a 
series of tests with this strain are also plotted in figure 1. h^x- 
amination of the figure shows that the resistance of the control 
was by no means constant. There was considerable variation, 
the means varying from 40.5 to 42.3°C. The resistance was more 
irregular and in general slightly higher during the later course 
of its history than in the earlier experiments. 



Mean death temperatures of three racee of P, caudatum ia degrees Centigrade 



Fig. 1 Showing the mean death temperatures of two races of Paramecium 
growing at moderately high temperatures, and those of a control experiment 
kept in a cool room. 
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In the case of.SO-a, whiclf was growing in practically the same 
medium as the control, we see a much greater fluctuation. The 
mean death temperatures for this race vary from 38.5 to 43.4®(". 
After one week at 28° the resistance decreases ^nd is low'er than 
at the beginning but after February 27 the resistance increases 
again ^nd the general trend of the line is gradually upward. 
.After the temperature was raised to 34°C. the resistance of this 
strain remained rather high, being in general from 1 to , 2. 5° 
above its initial resistance. However, the highest mean was only 
r above the highest mean for the control culture. 

Several experiments with strain 11-2 before it was put in the 
water bath gave an average mean fatal temperature of 40.5°( \ 
As soon as this culture was subjected to the higher temperatures 
of the water bath we find that the resistance increases and re- 
mains at least 1° higher than the initial resistance and at times 
is more than 2° higher. 

The mean death temperatures of both 11-2 and30-a at times 
approached 43° and sometimes exceeded it, while, as ])ointed 
out above, the death temperature of the control, 30-b, never 
exceeded 42,3°. However, this increased resistance of those 
strains growing at the higher temperatures was not maintained 
for any considerable period, and it is hard to see that any de- 
cided effect w'as produced. 


SUMMARY 

L The effects of certain salt solutions on the heat resistance of 
Paramecium caudatum were tested . Two pure lines of Paramecia 
were used; one growing in a medium of decided alkaline reaction, 
and the other in a slightly acid medium. Experiments with the 
race from the alkaline medium showed that A! TOO and AI;-50 
NaCl, M/300() CaCb, and M/50 KNOs exerted a marked pro- 
tective action. The greatest increase w^as noted in a solution of 
M/100 NaCl to which a little CaCh had been added. Distilled 
water also’ was found to increase the heat-resisting powers of this 
race. 
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2. The Paramccia from the aciQ medium were adversely 
affected by M 4000 C'aCL^ by M/100 NaCl, and also by distilled 
water. 

3. The conclusibii is drawn that certain properties of the 
medium in which the animals had been growing were the impor- 
tant factors in determining the ability of Paramecium to with- 
stand heat. No explanation is offered as to what these factors 
jire, nor how they act. 

4. The effects of continued exposure to moderately high tem- 
I)(*raturcs on the death temperature of Paramecium were studied. 
Two cultures of Parainecia were kept in a water bath, the tem- 
pi* rat are of which ranged from 2S° to 36°C, The mean death 
temperature of these two strains fluctuated considerably, and at 
times was about 1° above the highest mean death temperature of 
a coiit rol culture ke]:it in a cool room. But this increase above the 
control was not constant, and on the whole no very decided 
effect was produced. 



DIDINIUIM NASUTU.At 

I. THE LIFE HISTORY 
, GARY X. CALKIXS 

From the Deparlmcnl of ZooUxjy, CoIuniJna Univiraliy 
TWELVE FIGURES — ONE I’LATE 

The work of Woodruff and Erdmann (’14) on Paramecium 
aurelia showing the occurrence of periodic reorganization of the 
cell, which, like conjugation,' has the effect of renewing vitality, 
raises the question as to the length of life of a ciliated iirotozoon 
and its progeny in which both asexual reoi’ganization and conju- 
gation are prevented. Fermor (’13) has shown that a similar 
reorganization occurs in Stylonichia during the process of encyst- 
ment. Prandtl (’OG) made the statement, unsujqwrted l)y (wi- 
dence, however, that in Didinium nasutum nuclear reduction 
occurs during encystment as well as during conjugation. These 
observations indicate that encystment in ciliates, when not for 
purposes of protection against adverse env^’onmental conditions 
or for division (as in Tillina), is a process during which nuclear 
reorganization, or parthenogenesis, takes place. An encysting 
organism in which asexual endomixis takes place has advantages 
over Paramecium in the present problem because of the definite 
external advertisement of the internal processes taking jdace. 

Didinium nasutum was chosen for the experiments because of 
its large size, its easily controlled feeding habits and because of 
its readiness to encyst. The feeding habits have been worked 
out by Mast (’09) and the process of conjugation by Prandtl (;0G). 

MATERIAI. AM) .METHOD 

Two individuals- X and Y -of Didinium nasutum were iso- 
lated from fresh matenal brought into the laboratory from 
Van Cortlandt lake on October 28th, 1914. They were placed 
in ground-glass flat-bottomed culture dishes each containing 0.25 

22o 
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cc. of clear pond wateh Twelve individuals of Paramecium 
caudatuin were picked out and placed with each of them, this 
number being purely arbitrary. After a few days’ trial it w’as 
found that a smaller number of Paramecium gave better results 
and a standard daily diet of 9 Paramecium caudatum was es^ 
tablished and maintained throughout the experiments, which 
are still under way. Five lines of X and five of Y were estab- 
Ijshed on the second day and one individual from each of the ten 
lines was picked out and placed with 9 Paramecium caudatum 
in 0.25 cc. fresh spring water daily. The usual history of Didin- 
iiim in such an environment at the end of twenty-four hours 
is 8 Didinium and no Paramecium. At times \ve find only 2 or 4 
Didinium and no Paramecium, showing that the appetite was 
goo{l but the dividing power reduced. Again wc^find occasion- 
ally 2 or 4 Didinium and from 2 to 5 Paramecium, or sonde- 
times, only 1 Didinium and from 8 to 10 Paramecium, indicat- 
ing what I shall speak of as loss of appetite. In still other 
cases the single individual does not divide at all but, notwith- 
standing daily changes of water and food, dies, usually by the 
fourth day. Finally encysted individuals .which have not di- 
vided are occasionally found at the end pf twer^-four hours, 
together with from 9>to 18 Paramecium. The rate of division 
of Paramecium is of course very low owing to the scarcity of 
bacterial food. 

GENERAL DESCRIPTIONS 
Feeding habits of Didiniujyi nasutum 

Next to the capture of Halteria grandinella by Actinobolus 
radians I know of nothing more spectacular or am-azing in the 
whole realm of microscopy than the seizure and ingestion of Para- 
mecium by Didinium. Described by Balbiani (73), by Thon 
(’05), by Jennings (’06) and by Mast (’09) there is little in the 
])roccss for me to dwell on. The actively rotating carnivore 
swims vigorously through the water, occasionally limiting its 
activity to side or bottom of the culture dish, making vicious 
jabs downwards or sideways until it hits something soft enough 
for its proboscis to penetrate. As earlier observers have pointed 
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out, there is no evidence whatsoever of choice of food nor any 
evidence of chemiotactic guidance of captor to prey. The en- 
tire process is apparently fortuitous, some one of hundreds of 
jabs is successful and a Paramecium, once hit, rarely gets away 
(fig. 1). The victim is partially or wholly paralyzed and is 
speedily swallowed, the walls of the Didinium being stretched 
around the prey like a rubber bag. If the Paramecium is seized 
at or near one end, this end goes in first (fig. 2) until it reaches 
the extremity of the captor (fig. 3). It is then doubled on it- 
self until it lies like a U completely ingested (fig. 4). The Para- 
mecium protoplasm becomes highly vacuolated, broken up into 
small pieces and is quickly digested (fig. G). If the Paramecium 
is vseized in the middle, this part goes in first and the two ends 
last, so that the victim is swallowed in the U form. Not only 
can a small Didinium thus capture and engulf a Paramecium six 
times its size, as shown by Mast, but it wall swadlow^ a dividing 
Paramecium, and I have frequently wntched one attack and 
swallow a pair of conjugating Paramecium. My imagination 
has pictured the surprise which such a Didinium miglit feel 
when, having completed its usual task, it found itself com- 
pelled to shallow another equally large meal. In su(*h cases 
one of the free ends of the tw-o victims’iis usually scuzed; this 
individual is ingested and the process is continued until the 
second individual is completely engulfed. It means a littk* 
• more tension on the part of the elastic walls of the captor hut, 
usually, he is equal to it. Such stuffed individuals are subject, 
however, to diffluence, especially if transferred shortly after 
feeding to fresh water, and I have watched more than one 
individual explode, victims of their gluttony. 

Structure of the proboscis and seizing organ 

The proboscis of Didinium is a conical projection in the center 
of the anterior end. It is supported by a dense layer of trichites 
which are anchored deep in the protoplasm. These are evidently 
strengthening organs and probably play a part in preventing 
rupture when a large food body is swallowTd, in much the same 


THE JOURJfAIi OF EXPKJtlMENTAI. ZOOLOGY, VOL. 19 , NO. 2 



228 


GAIIY N. CALKlj^S 


way that spiles in a ferry slip take up the strain. In the center 
nf the conical proboscis is a column of protoplasm somewhat 
clonscr than tlie rest of the endoplasm. This structure, called 
by Thon the ‘mittlerer Strang’ and by Mast the ^seizing organ,’ 
is the apparatus which fastens the prey and precedes it into the 
body of the captor. The open passage which it leaves by its 
migration through the protoplasm becomes the cytopharynx, 
the prey being drawn in largely, if not entirely, by its pull (figs, 

I'-b). 

This seizing organ is such a remarkable structure that it well 
repays careful study. There is no doubt that it contains some 
toxic substance which partially or wholly paralyses Parame- 
cium, but no one, as yet, has shown where this substance lies. 
Balbiani (73) held that trichocysts are discharged by Didinium 
and that these penetrate and paralyse the victim. Thon, how- 
ever, supported by Mast, denies the discharge of trichocysts and 
holds that the entire process of capture and retention is a func- 
tion of the seizing organ. Thon figures the seizing organ as stri- 
ated, and in this he is undoubtedly correct, but he evidently 
failed to note a zone of thickened granular striae near the apex 
of tbc seizing organ and clearly apparent when th|^ organ is ex- 
tended (fig. 8). This zone is made up of the same sort of thing, 
apparently, as the granular zone at the apex of a tentacle of Ac- 
tinobohis. These granules were first described for Actinobolus 
by von Erlanger (’89) as trichocysts on observations confirmed* 
by Moody (T2) who speaks of them as ^trichocyst material.' 
They evidently are the poison granules which cause the instan- 
taneous paralysis of Halteria. In the absence of other physical 
evidence of poison in the seizing organ of Didinium we are justi- 
fied in regarding the'se granules, liberated on penetration of the 
cortex of Paramecium or other victim, as the cause of paralysis. 
The entire seizing organ may be regarded as a bundle of structures 
homologous with the distributed tentacles of Actinobolus. Like 
the seizing organ, each tentacle of Actinobolus is retracted into 
the endoplasm, dragging the attached victim to the surface of 
the body, where it is manipulated by the cilia until swallowed 
through the mouth. 
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Structures of the endoplasm 

Thon has given an excellent account of the finer structures of 
the endoplasm of Didinium. One or two points should be men- 
tioned here as they have to do with structures iiu’olved in 
different stages of the life history. The most important of these 
are the nuclei and their derivatives. 

The macronucleus is correctly described by Thou. In the 
resting stages it is characterized by deeply-staining spherical 
granules of chromatin embedded in a more feebly-staining 
matrix. These bodies in the nucleus behave during division 
like the chromatin bodies of Oileptus gigas. where they are <lis- 
tributed throughout the cell. At periods of division of Didin- 
ium they form first a more or less complicated reticulum by 
elongating and fusing at one or more points. The strings of 
chromatin are ultimately divided, again as in l])ileptus. At 
periods of encyst ment the distinct granules of the nuclcu.s be- 
come much larger and are discharged from the nuclear mass 
until the cytoplasm becomes filled with densely-staining chro- 
matin bodies. After recovery from encyst ment the distributed 
chromatin masses are broken up into smaller metaplasmic gran- 
ules, which pve a uniformly dense stain to the entire endoplasm. 
Finally, at conjugation, these metaplasmic bodies disappear from 
the endoplasm and are concentrated in a deeply-staining cortical 
irmature in the ectoplasm. " 

The micronuclei were entirely overlooked by Thon. They are 
extremely small and difficult to distinguish from the numerous 
spherical bodies distributed throughout the endoplasm. At 
periods of conjugation, however, they are plainly evident and 
their history may be followed with comparative ease. This was 
first done by Prandtl (^07), who also for the first time described 
the micronuclei in vegetative stages. The number, according to 
Prandtl, is variable, two or three being usually present and 
these are closely anchored to the macronucleus (fig. 7). In 
division one pole of the spindle is usually embedded in the sub- 
stance of the macronucleus. I have confirmed these observa- 
tions of Prandtl, finding as many as four micronuclei during the 
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resting stages of non-conjugating forms, four in organisms pre- 
paring to encyst, and as many as sixteen in the conjugating ani- 
mals. Owing to the difficulty in finding them even in the most 
carefully stained sections, no positive statement can be made as 
to the ^normah number, but it appears to be four. They are 
very minute (4-() m) with relatively little chromatin, usually 
concentrated in a few central granules, and with definite nuclear 
membranes. The division spindles are narrow and sharply 
pointed with the chromatin in minute chromosomes (fig. 7). 

In addition to the nuclei there are numerous curious and enig- 
matical structures in the endoplasm which I am unable to inter- 
pret. These are often in the form of spindles with curious rod- 
like bodies which suggest chromosomes (fig. 7). These are 
found during all stages of vegetative life. There is no evidence 
of their division and no reason to believe that. they are nuclei, 
and the only suggestion I have to offer as to' their function, is 
their possible connection with the formation of new seizing organs ’ 
to replace those used up in food capture. 

THE LIFE CYCLE 

In other places I shall describe the details of encystment and 
of conjugation, and will limit the present paper to the history of 
the race from October 28th to the present time (April 20). Thus 
far the ot|'anisms have gone through two completed cycles,^ 
each ending in encystment of all the living material and during 
which nuclear reorganization occurred. 

The initial cycle {October 31 to December 28): Individual X 

Five lines derived from individual X were each changed to 
fresh water and fed 9 Parimecium caudatum daily. The daily 
rates of division were averaged for 5-day periods and the results 
plotted to give the accompanying chart A. The daily records 
include the number of divisions which each individual had 
undergone during the preceding twenty-four hours, the number 
of living Paramecium in each culture dish, the number that 
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had encysted, and the number that had died. In case of death 
or encystment of an individual in any line, its place was filled 
from among the descendants of some other line in tlie same 


X Series; 1st Cycle 



Chart A 


series. Superfluous individuals each day were supplied with 
food and kept as ^stoek^ in the moist chambers. 

The division rate averaged 1.95 divisions per day for the first 
20 days of this cycle, 1.64 per day for the second 20 days, and 
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1.18 for the last 20 days, failing finally to zero with encystment 
of all the living material in approximately the 131st generation 
(chart A). 

The percentage of encystment, computed from the total num- 
ber of individuals to encyst in the 5-day periods and the total 
mimber of individuals under observation, is shown ajt the bottom 
of chart A. There is but little ground for comment here, the 
fluctuations coinciding more or less with those of the division 
rate. The percentage was low at the outset but increased later 
until it finally rose to 100 per cent. 

The death rate, computed in the same way as the encystment 
rate, was comparatively low throughout the cycle, never rising 
above 8 per cent (chart A, top). 

Tlie records of the numbers of Paramecium eaten, determined 
by the numbers found alive at the end of twenty-four hours, 
were not begun until one month after the cultures were started. 
These records furnish the basis for a study of the variations in 
what may l)e termed the ^appetite' of Didinium, shown in the 
dotted line of chart A. The data for this curve were obtained 
as follows: In 5-day periods the five lines of culture material 
are provided with 45 Paramecium daily, or 225 during the period. 
Add to these 25 per cent for approximate increase by division 
before being eaten, giving 280 Paramecium for the 5-day period 
for all five lines. The daily records give the numbers of Para- 
mecium alive at the end of twenty-four hours. These are aver - 1 
aged for 5-day periods and the average, divided by 280, gives 
the percentage of uneaten Paramecium, which subtracted from 
100 per cent gives the approximate percentage of Paramecium 
eaten. Rough as this method is in illustrating the variations 
in appetite of Didinium the curve nevertheless follows that of 
the division rate with remarkable fidelity. It might be argued 
that the division rate sliouia follow the eating rate and that the 
5-day periods in the ‘appetite’ curve should be twenty-four hours 
in advance of the periods indicating the division rate. But it is 
equally true that the feeding rate depends on the vitality of 
Didinium, and as the records for feeding brought the initial 
dates of the periods forty-eight hours later than those for the 
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division rate, I have worked them out on this basis. The fluc- 
tuations gf the appetite curve follow closely those of the division 
rate and both are correlated with the fluctuations in the curve 
of encystment. When the latter reaches 100 per cent both 
division-rate and appetite-rate fall to zero. T;he over-lai)ping 
at this period (Dec. 25 to Dec. 3‘0) is duo to the fact that Para- 
mecium may be eaten prior to encystment but without division 
of Didinium. 

The seco7id cycle (December 28 to March 5): bidividual X 

All the living material of Didinium in culture and stock dislies 
became encysted during the period beginning December 25. The 
race was recovered from encystftient December 28, by pouring 
off the old water and adding fresh water and Paramecium to a 
Syracuse dish in which stock material of the X scries had encysted 
the week before. The division rate immediately indicated a 
renewal of vitality, giving an average for the first 20 days of 2.01 
divisions per day. It then fell to 1.76 for the second 20 days 
and to 1.25 for the third 20 days. In the last 5-day period 
(February 28 to March 4) it averaged only 0.52 divisions per 
day, after which all culture material and stock material en- 
cysted (chart B). The race passed through 148 generations 
during this cycle, or 279 generations since the culture experiments 
started. 

The rate of encystment began at 16 per cent for the first 5-day 
period but quickly fell and remained low during the first 40 days, 
after which it maintained an average of about 17 per cent until 
all individuals became encysted (chart B, bottom). 

An interesting feature of this second cycle was the increase 
in the average death rate over the first cycle. The average 
death rate for the entire first cycle yas 1.8 per cent and for the 
entire second cycle it rose to 7 per cent. When we consider the 
relative infrequency of death of the individuals in culture this 
phenomenon becomes significant (chart B, top). 

As in the first cycle, the curve for appetite closely follows the 
curve of reproduction (chart B, dotted line). 
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X Series: 2nd Cycle 



Cniart B 

The third cycle {March 9 to date, April 26): Individual X 

After encystiiieiit of all individuals in culture and stock dishes 
the race was recovered on March 8th as before, by adding fresh 
water and food to a stock dish set aside on the 27th of February. 
By the drd of iMarch all of these had encysted. Five days later 
100 cysts were picked out and placed in fresh water with Parame- 
cium caudatum. On the following day (March 9) there were 
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about 40 active Didinium in the culture dish. Five of tliese 
were isola^d and furnished material for the third cj'cle. Twelve 
were killed and the remainder were fed and left as stock. All 
of the remaining cysts were killed for cytological study. 

The average division rate during the first twenty-four hours 
after recovery was 3.4, and for the first 25 days it remained high 
(2.19 per day). The encystment rate for the entire period was 
8 per cent, while the average death rate for the period of 25 days 
rose to 14.4 per cent. This increase in the death rate as the 
culture series grows older, and already indicated in the second 
cycle, is interesting and significant. 

Cultural histonj of the 1" series: Initial cycle 

The Y series, started with a second individual at the same 
time as the X series and treated in the same way, confirms the 
results obtained with the X series. The first cycle (Nov. 1 to 
Dec, 26) had the same general history as in the X series but with 
a slightly more regular descending curve of the division rate 
(chart C). The average for the first 20 days was 1.65 di\ isions 
per day; for the second 20 days, 1.19 divisions per day, and 
for the third 20 days it fell to 0.65 divisions per day. 

The curve for encystment is much more regular than that for 
the X series and, with one exception in the 7th 5-day iieriod, 
shows a fairly steady increase (chart C, bottom). The death 
♦rate was very low (chart C, top) and the appetite curve is simi- 
lar to that for the X series (chart D, dotted line). 

The cycle came to an end with encystment of all culture in- 
dividuals a few days in advance of the X series, and in the 128th 
generation, on December 26. 

The second cycle (December 28 to February 6) 

The race was recovered from encystment December 28 from 
stock material which had encysted on the 22nd, and a second 
cycle was started with an initial division rate of 2.08 divisions 
per day (chart D). The vitality was not as great as before, the 
average division rate for the first 20 days being only 1.65 per 
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Y Scries: 1st Cycle 
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Chart C 


(lay, and for the second 20 days only 1.05 per day, and the 
cycle came to an end with encystment of all living material at 
the end of 40 days. Jhis cycle included only 84 generations, 
giving a total of 212 generations for the series in culture. 

The rate of encystment was fairly high throughout this cycle 
and went up rapidly diftdng the last four 5‘day periods (chart D, 
bottom), while the death rate showed a slight increase over that 
of the first cycle. 

Notwithstanding the relatively low division rate, the appetite 
was remarkably good, nearly 88 per cent of the Paramecium 
being eaten daily for the first 25 days (chart D, dotted line). 
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All efforts to recover the series from encystmeiit failed; not one 
individual could be pursiiaded to come out of its cyst, and the 
race thus came to an end. 



Chart D 


GENERAL 

Encystment in cilia tes has a three-fold purpose. First, for 
protection against adverse conditions of the environment, which, 
as Fermor has well .observed, are usually so delicately adjusted 
to the equilibrium of an organism that they baffle detection. 
Such encystment is characterized by no internal reorganization 
and the organism may be recovered in tAventy-four hours or less 
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by substituting fresh water for the medium in which it had 
encysted. Second, for reproduction, a phenomenon ^observed 
in Tillina, ('olpoda and a number of other eiliates, but by no 
means universal in the group. Third, for reorganization, 
which has to do with internal processes of the cell. In Didin- 
ium there is no* encystment for purposes of reproduction, 
but it is frequent for purposes of protection and periodic for 
[)urf loses of reorganizati(m. In the latter case the approach 
of encystment can be predicted very often from the reduced 
activity in feeding and in dividing, from two to four days in 
advance. This is shown not only by the averages for the entire 
i“ace but also by individuals and their progeny watched from 
day to day. When in this condition, fresh water and food have 
no effect, nor will fresh water added daily bring such individuals 
out of tlieir cysts until a period of at least five days has elapsed. 

A very unexpected result was obtained in these experiments 
in connection with the phenomena of conjugation. During the 
first cycle no conjugating j^airs were observed in any of the stock 
dishes although such material is prepared daily and always 
watched for at l(?ast five days. During the first week of the 
second cycle, epidemics of conjugation appeared in the stock 
dishes. This period of conjugation lasted about ten days, after 
which not a pair was seen, (.'’onjugation epidemics appeared 
again in the third cycle and at a corresponding time. The first 
])airs were seen in the stock dishes on the third day after recovery 
from encystment (March 12) and pairings occurred in great 
numbers until 2^1arch 20th, after which not one pair could be 
obtained from the material. During the height of the epidemic 
ill the stock material two cases of conjugation occurred in the 
isolation cultures. One of these pairs (March 16) was the 
union of two individuals^ out of eight derived from one individual 
isolated the day before. The second case occurred on March 
17 between two individuals among sixteen derived from an 
individual isolated the day before. 


X\m\ 26, 1915 
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PLATE 1 


KXPLANATIOX OF FIGtTltES^ 

1 to 0 Stages in the process of swallowing Parameciimi cauclatura. Camera 
drawings from preparations mounted in ioio. 

7 Section tf dividing form of Didinium. The macronucleus section shows 
the characteristic reticulum of the early stage of division. Two micronuclei 
in full mitosis lie in the margin of the macronucleus; several large endoplasmic 
bodies are shown in section, and two enigmatical bodies, which may be seizing 
organs in the proccs.s of development. 

S, Section of Didinium prej^aratory to encystment. The trichites of the 
probosci.'? and the basal fibrils of the membranulae are clearly shown at this 
stage; the peripheral protoplasm is denser than at other periods; the macronu- 
clcus shows the enlargement of the contained chromatin bodies. The micro- 
nuclei at this stage leave the hollows in the margin of the macronucleus, swell, 
and F)repare to divide; one of the four is shown at the left of the macronucleus. 
'rhe seizing organ is extruded and shows the zone of dark granules near the tip. 
These probably represent the poison of the ‘trichocyst m^lterial’ instrumental in 
paralyzing the prey. 


Drawn by Mabel L. Hedge from permanent preparations. 
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I. IMRODUCTIOX 

III a previous paper (^^"eIls Mo a) the reactions and resistance 
of fresh water fishes to alkalinit}’, acidity and neutrality were 
(lisciissfid upon the basis of experimental evidence which seemed 
to indicate that the chemical reaction of the water (i.e., acid, 
neutral or alkaline) in which the fishes live, is a matter of con- 
sidcral)le importance to fresh water fishes and probably to marine 
fishes also (Shelford and Powers ^lo). In the present paper a 
large number of experiments bearing upon the reactions and 
n^sistauce of fresh water fishes to salts is presented. Practically 
no iirevious work has been published upon the reactions of fishes 
to salts and the main part of the data presented here has to do 
with this phase of the suliject: Rome interesting relations be- 
tween acidity and resistance to salts are also presented. This 
latter phase of the subject has been worked out in a prelimi- 
nary way only; the more definife relations arc left for further 
invc.stigation. 

The present investigation was b(‘giiu at the suggestion of Prof. 

K. Shelford and was carried on at the University of Chicago 
dAing the years 1912 and 1913. In the fall of 1914 operations 
were transferred to the University of Illinois as# the author 
accompanied Dr. Shelford in his transfer to that place# 


II. Till': W.VTER 

The differences in the water of the two institutions have been 
discussed in the first paper of the series (Wells, 1. c.). The 
chief differences are the following: The water at Chicago .comes 
from Lake i\Ii(;higan; as it flows from the tap in the laboratory, 
it is slightly acid with carbon dioxide (2-3 cc. per liter), is super- 
saturated with Os (8-10 ec. per liter), contains 32 cc. per liter of 
half-bound CO 2 (bicarboiiates) and a proportiomte amount of 
other salts. The water at the University of Illinois comes from 
deep wells. .\s it flows from the tap it is strongly acid (18 
cc. (’O 2 per liter), contains practically no O 2 (0.12 cc. per liter.) 
and the half-bound CO 2 equals 101 cc. per liter; other salts are 
in proportion, .\eration brings the two waters to more nearly 
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the same condition and fishes can live in cither after the proper 
amount of aeration. Too much aeration causes the Illinois 
water to become alkaline to phenol phtlialeiu and fresh water 
fishes cannot li^'e in such water. 

III. :\IETHODS AND APPARATUS 

The reaction experiments have been iierformed in the gradient 
tank used in the acid gradient (experiments (Wells 45 a, fig. 1, 
p. 223). 

The salts used have been, the chlorides, nitrates and s\d])hates. 
of ammonium, potassium, sodium, calcium and magnesium. In 
presenting the results of the reaction experiments the salts will 
be grouped with reference to the anion, as the similarities in 
behavior, ih the different salt gradients, make this a rather natu- 
ral division. They will also be taken up in the order of increas- 
ing toxicity of this ion as worked out by Lillie (TO) and others. 
Thus the order of consideration will be, chlorides, nitrates, sul- 
phates. In considering the resistance experiments, on tlie other 
hand, the salts will be grouped according to the kation. In 
the gradient experiments the concentration of salt inlroditced 
at the sal# end has been in nearly all cases 0.01 X. In a few 
experiSients the concentration was made 0.0‘2X’^ or even higher 
in an attempt to drive the fishes out of the salt end, to wliich they 
\yere giving a positive reaction. These experiments will be 
cited as they come up. 

The gradient in the salt expei'iments was obtained as folloAVs: 
Tap water was set to flowing into one end of the tank at the 
rate of 500»cc. per minute, and into the other end at the rate of 
400 cc. per minute. A 0.05 X^ solution of the salt was made up 
with tap water and run into the flow at the 400 cc. end at the 
rate of 100 cc. per minute. This made the Arnlumc of the flow 
at the two ends equal. The salt solution was mixed with the 
tap water, in a mixing bottle, outside the experimental tank. 
From the mixing bottle a single outlet led to the experimental 
tank. At first the gradients were tested before and after each 
experiment. Later, after a very careful study of the gradient 
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had been made at Chicago, by determining the conductivity of 
the water at various points in the tank, tests were no longer 
made. Thus the actual concentrations existing throughout the 
tank have not been determined in each experiment but the study 
that was made indicated very clearly that under the given con- 
<litions this concentration is almost constant for a given salt. 
Thus there always exists a gradient of the dissolved salt, between 
the two ends of the tank. The presence of this gradient is 
shown by the reactions of the fishes as well as by the conductivi- 
ties and titrations. That the gradient is not perfect is to be 
expected; its peculiarities were brought out in the study which 
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Fig. 1 Loiigit,udmul section through the gradient tank. The figures indicate 
the concentrations of the salt at the depths indicated by the arrows. These 
concentrations were ascertained by determining tlie conductivity of samples 
taken from the different parts of the tank; in determining the gradient 7 samples 
along any given level were taken; only five are shown in the fig\ir#. 


was made by means of the conductivity method. Figure 1 
shows the gradient as it existed after the flows at the ends had 
been running for some time. 

It will be noted from figure 1 that at any given level there is 
a gradient of salt from end to end of the tank. The concentra- 
tion at the bottom of the tank was much higher Qian that near 
the surface of the water, and thus the fishes at times reacted to 
the vertical gradient, which was much sharper than the hori- 
zontal one. This reaction to the vertical gradient did not inter- 
fere greatly with the experiments, however, because the fishes 
tend to swim back and forth in the tank at whatever level they 
may be. Furthermore, most of the fishes worked with, remained 
near the bottom for a large proportion of the time. A further, 
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point brought out hy the conductivity measurements was that 
the water, after flowing in at the ends of the tank for 15 min- 
utes or less, often showed a piling up of the salt at a point al>out 
two-thirds of the way to the tap water end, i.e., a little past 
the middje. This piling up was brouglit out graphically by the 
use of colored salt solutions, which showed a more intense color 
at this point for a short time. Later the dee]>ening in color 
disappeared, and tests showed the gradient to be continuous 
from one end of the tank to the other. 

Before the fact of the piling up of the salt was tUscovered, it 
was noted that the fishes often gave a negative reaction to this 
part of the tank. With the deinonstintion of the increased salt 
concentration at the point in question, and the fact that the 
increase disappeared after the flow at the ends liad been on for 
about 30 minutes, most of the experiments were delayed until 
sufficient time had elapsed for the adjustment to take place; 
any marked reaction of the fishes at the point of higher concen- 
tration, was noted and recorded. That the gradient as shown 
in figure 1 is a typical gradient is supported by the fact that 
Shelf ord and Powers (T5) figure a similar gradient which they 
obtained Ijetween sea-water and fresh water, in their work with 
marin^ fishes. In the following gradient experiments, attention 
should be called to the fact that the reactions whether positive 
or negative are seldom 100 per cent reactions. In other words, 
the fishes are nearly always positive to some concentration of 
the salt in question. It seems that for most fresh water fislies 
there exists an optimum salt concentration somewhere between 
a 0.01 N and that of the tap water. This fact is brought out in 
the experiments with a majority of the salts. 

The species of fishes used ■ principally have been the black 
bullhead (Ameiurus melas), blue gills (Lepomis pallidus), rock 
b^s (Amblopites rupestris), green spotted sun fish (Lepomis 
cyanellus), white crappie (Porno xis annularis), pumpkin seed 
(Eupomotus gibbosus), and small mouth black bass (Micropterus 
dolomieu). Numerous experiments have also been run with 
various species of (^yprinid minnows. 
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IV. PKKSKXTATION OF DATA 
A. REACTION EXTERIMENTS 

I. Reaction to chlorides 

The fishes used arc less sensitive to the chlorides of the salts 
than they are to the nitrates and sulphates. They also react 
differently in the presence of different chlorides. Thus they 
are sensitive to both the anions and the kations, and to different 
degrees. 

a. Ammonium chloride. The fishes Avere decidedly negative to 
this salt in 0.01 N concentration. The experiments were run in 
water that Avas a mixture of half aerated and half unaerated 
tap water (i.e., moderately acid Avith COo). It has been found 
(Wells Tf) a) tliat fislies give normal reactions in this Avater. 

b. Potassium chloride. dTcsc experiments were also performed 
in water which was somewhat acid. The reaction of tRe fishes 
was rather peculiar in that they were positive to a higher con- 
centration of this salt than Avas expected. TAventy-one experi- 
ments Avere perforrhed and all shoAved this phenomenon. In a 
number of cases the fishes selected the highest concentration for 
a large part of the time. It was thougid that the' reaction might 
be due to the positiveness of the fishes for the chlorine ion, as 
will come out in other experiments; the known toxicity of the 
potassium ion, hoAA'Cver, made this conclusion seem doubtful. 
Again, the fishhs had been in the laboratory for over a month 
and were somewhat starved. It had already been determined 
that starvation increases the positiveness of some fishes to cer- 
tain salts, and thus the reaction might be laid to this. How- 
ever, the real explanation later found to he in a mutual 
antagonism which exists between, certain salts and acids. Thus 
the reaction of the fishes in selecting the salt end was a reaction 
Avhich brought them into the lesser stimulating part of the 
gradient. In the tap Avater end, the COo made the water quite 
acid. In the salt end this action of the acid was neutralized by 
the presence of the salt and vice versa. This phenomenon was 
noted in a number of the gradient experiments, while its Cause 
was definitely proved in the resistance experiments. 
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c, Sodiu?n chloride. ’ This was the first salt to bo expcM’iineiited 
with at the University of Illinois and a lai’p!:e number of experi- 
ments (46 in all) was performed witli it, as the reactions of the 
fishes were not what was at first expected, l^xiieriments wtun 
run in aerated (neutral) water, in moderately acid Avater uS 10 
cc. per liter) and in strongly acid water (IS cc. TO-: ])er liter). 

It had been noted that the i'shes became sluggish when ke|)t 
in the aerated water, and because they reacted positively to the 
XaCl in the gradients in this neutral water, the experiments 
were repeated in acid water to make the results certain. The 
fishes were positive to the NaC'l half of the tank in all three kinds 
of water, but were markedly Jiiost posit i\a^ in the most acid \vat(‘r. 
They are negative to this water alone, because (jf its marked 
acidity. The increase in positiveness to the XaUi in the acid 
water must be due to the fact that tlu^ salt antagonizes the 
stimulaLing action of the acid and thus the fishes selected the 
portion of the tank where they were tlu? least stimulated, as they 
did in the case of the KCl gradient in acid Avator. 

In an attempt to drive the fishes out of the salt end, the Xa( ‘1 
concentration was increased to 0.02X but Avithout diminishing 
the positive reaction. In+the strongly acid water the fishes Avere 
found to give a positive reaction to as small a concentration of 
XaCl as O.OOIX though the reaction to this low concentration 
was not so definite as with the higher concentrations. 4'he reac- 
tion to NaCl varied someAAdiat Avith the s])ocies; the crappies 
and bull-heads were positive in all three kinds of water while 
the blue-gills Avere positive in the neutral and strongly acid Avater 
but were indifferent to negative, in the moderately acid AVJiter. 

Ten experiments Avith 0.01 distilled Avater, Avere 

run to check those with the tap Avater. The results show the 
fishes to be markedly positive to the X^aCl in distilled Avater gra- 
di^its; this positiveness is not as great as in the acid water, but 
is great enough to show conclusively that the fishes used are 
positive to Nad in concentrations very little loAver than 0.01 X. 

d. Calcium chloride. Calcium chloride aA'ES the first salt used 
at ("hicago in the gradient experiments. It was found that 
normal fishes flaree rock bass arc exceptions) are negative to 
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a O.OIX solution of this salt, and the graphs show this negative- 
noss to be rather definite. The fishes turned back from the 
CaCb end at a point which the conductivity measurements 
showed to be about 0.0065X. Some of the apparently normal 
fishes, however, gave positive reactions to O.OIX CaCh and in 
working out this point over 150 experiments were performed. 
A very interesting relation between starvation and the reaction 
of fishes to Ca(d 2 j and probably some other salts, was found to 
exist. The experiments showing this relation will be discussed 
on a subseciuent page under the heading, ^ Thy siological states 
and the reactions of fishes’’ (p. 260). . 

e. Marpiesium cMoride. Normal fishes reacted negatively to a 
0.01 concent ration of this salt, but as with calcium, there was 
a numl^er of instances where the reaction seemed to be reversed. 
Normal fishes were also negative to a 0.02N concentration, which 
however did not prevent a few of the fishes from showing a posi- 
tive reaction, as they had done with the 0.01 N solution. 

2. Reaction to the nitrates 

The nitrate experiments, with the exception of part of those 
with calcium, were performed at Illinois. The experiments with 
tlie nitrate of calcium were performed largely at Chicago, enough 
being repeated at Illinois to correlate the reaction in the two 
waters. 

a. A7n7noniwn nitrate. Practically all the fishes used were 
negative to this nitrate, which is very stimulating to them, in 
tap water, as will be shown in the resistance experiments. They 
did not, however, avoid the salt end with as much precision as is 
displayed in the case of a number of the other salts, and in one 
experiment, a 25-gram cr apple, although giving a fairly strong 
negative graph, still was overcome by the salt, lost control of 
its movements, and ‘scooted’ about the tank, finally leaping over 
the edge onto the water table. Sixteen experiments were per- 
formed; of these fourteen show decidedly negative reactions, 
while two, one with a 3-gram blue-gill and one with a 6-inch 
bull-head, show positive reactions. These two fishes were not 
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overcome by the salt, though they remained in tjie salt end dur- 
ing a majority of the 15 minutes that they were in tlio tank. 

h. Potassium 7ntrate. The fishes were consistently negative 
to this salt in 0.01 N concentration. Of 40 iishes tri(Hl in the 
gradient, 27 gave decidedly negative reactions, 5 staved in the 
middle third of the tank, and 7 were nmre or k'ss positive. In 
only 3 experiments was the time spent in tlie salt half of tlie tank, 
over 60 per cent of the total time. Of the 27 negative fishes, 
20 spent over 80 per cent of the time in the taj) water end. 

c. Sodium filtrate. Experiments with all three kinds of water 
were run. In the neutral vnter the fishes were decidcally nega- 
tive the graphs showing that 86 per cent of the time was spent 
in the tap water end of the tank. In the moderately acid^vater, 
70 per cent of the reactions were negati\’e and 30 [lor cent 
positive. In the strongly acid water, the fishes were decidedly 
positive to the 0.01 N concentration showing an 81 poj cent posi- 
tive reaction. The concentration of tlie salt was now decnaised 
to 0.002N and the same fishes tried. They were not so positive 
to this small concentration in the acid water as they had been 
to the 0.0 IN solution but they were still more positive than in 
the moderately acid water. The graphs show 45 per cent of tlie 
time was spent in the salt third of the tank, 30 iier cent in the 
middle third, and 25 per cent in the tap iMiter third. These 
results show again the effect upon the beha\ ior of the fishes, of 
the antagonistic reaction between the acid and the salt; they 
select the higher concentration of salt in the gradient in strongly 
acid water but are negative to this same concentration in water 
which is not so acid. Note also (table 1, p. 256) that the antago- 
nism between the salts and the aeh^seems to be more marked in 
the case of the K salts. Table 1 shows that in the case of both 
the chloride and nitrate of potassium the antagonism between 
thft salt and the acid was sufficient to cause the fishes to react 
positively in moderately acid water. With sodium, the chlo- 
ride shows a positive reaction in the moderately acid water but 
in this same water, the nitrate gives a negative reaction. It is 
not urd.il the water has been made strongly acid that the fishes 
react positively to the nitrate of sodium. 
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(L Calcium nitrate. At Chicago 20 (40-min.) experiments were 
run witii this salt. The reactions of the fishes were so'decidedly 
negative that further work seemed unnecessary. At the Uni- 
v'ersity of Illinois, it was decided to repeat the experiments with 
calcium nitrate as a check upon the reactions of the fishes in the 
two waters. To this end a series of experiments with 0.01 N 
('afXO.Oo in neutral water, was run. The results were very 
(lifTerent from those obtained at C'hicago. Inhere the fishes had 
shown a 90 per cent negative reaction to this salt in O.OIN con- 
centration, while at Illinois in the neutral water, the reaction 
was 50 [xn- cent negati\'e and 50 per cent positive. In other 
word.s they seemed to be indifferent to the salt. It was thought 
that fte explanation of the Illinois reaction might lie in the fact 
that, since calcium nitrate hydrolizes to give a faintly acid solu- 
tion, the fishes, which (Wells To a) had already been shown to 
1)0 negative to the neutral water, were reacting to this acidity. 
This proved to be the case, for when the experiments were re- 
peated in moderately acid water, the fishes gave an 80 per cent 
negative reaction. 

To make doubly sure of the results with the calcium nitrate, 
a final series of experiments was run in distilled water, which 
it will be remembered is slightly acid with CO 2 (2~3 cc, per 
liter). Five 15-minute graphing experiments were run with 
results that show a 75 per cent negative reaction. An experi- 
ment with 4 bull-heads (3-5 in. long) was read 50 times at 30r 
second intervals. Computation showed that the fishes had spent 
74 per cent of the time in the negative half of the tank. Thus 
the reactions at Chicago and at Illinois, when slightly acid water 
is used, are in close agreement in showing the negative reaction 
of fishes to O.OIN concentration of calcium nitrate. 

. c. Magnedurn nitrale. Tweh'e experiments were performed 
with this salt at C'hicago; they showed a 100 per cent preferemce 
for the tap water half of the tank. The negativeness was more 
marked in some experiments than in others but in none did the 
fishes swim into the salt end. The experiments have not been 
repeated at Illinois. 
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3. Reaction to sulphates 

a. Ammonium sulphate. Fishes are negative to tills salt as 
to the other ammonium salts. All the aminoaium salts are 
strongly toxic to the fishes used. Especially is this toxic reaction 
noticeable in the tap water. The explanation for this will h(^ 
taken up in the discussion of the resistance of lishes to arnmoniuin 
salts. 

h. Potassium sulphate. Fishes ai’o decidedly negative to 
O.OIN concentration of potassium sulphate. Twelve experi- 
ments were performed in moderately acid water and in none 
did the fishes give a. positive reaction. In one the fish select, e<l 
the middle third of the tank, but turned back regularly fr^n the 
salt end. The results with this salt illustrate the increasing 
toxicity of the anion; it will be remembered that in moderately 
acid water the fishes gave a posit i\e redaction to the nitrate of 
potassium. Xo experiments were ])erf()rnied at (diicago with 
this salt. 

c. Sodium sulphate, Xo experiments were* performed at 
Chicago with this salt. .\t Illinois 'two series were run, one in 
moderately acid water, and the olhei* in sti’onglv acid water. 
The reactions in the two kinds of water were very similar to those 
obtained with sodium nitrate in the same kinds of water. It 
was noted that in the strongly acid water the fishes often spent 
much of the time at the surface and were thus not swimming in 
£he strongest gradient. For this reason the reactions might 
be expected to be somewhat less definite but the results show very 
little difference in cases where the fishes stayed at the bottom 
or swam at the surface. In 4 experiments the fishes spent 
practically all the time at the surface and 60 to 90 per cent in 
the salt half of the tank. In 8 experiments with this strongly 
acid water the fishes remained at the bottom throughout ; seven 
of these experiments show a decided preference for the salt end 
while one was negative. 

In the NaXOa experiments, it .will bo remembered, the fishes 
were negatiye to the salt in moderately acid waten and this- 
was also found to be the case with the sulphate, fifteen experi- 
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ments with 0.0 IX Xa 2 S 04 in moderately acid water were run. 
All of them show decidedly negative reactions. In a number 
of experiments the attempt was made to drive the fishes into 
the salt end, but with no success, except in one case, where a 
20-gram crappie was driven into the salt end and remained there 
for 5 minutes before swimming back into the tap water end. 
The blue-gills could not be driven a.s they would dart back past 
the driving rod in every case. If these fishes were dropped into 
the salt end they showed much disturbance and very soon' swam 
into the tap water end. In one experiment 8 small blue-gills 
(2-4 grams) were placed in the tank and readings of their posi- 
tion taken every 30 seconds until 25 readings had been made. 
The percentage of time spent in the thirds of the tank were, 
salt third 13 per cent, middle third 36 per cent and tap water 
third 51 per cent. Thus fishes are negative to 0.01 N sodium 
sulphate in moderately acid tap water but are positive to this 
concentration in strongly acid water. The explanation of this 
latter reaction jnust lie in the antagonism between the salt and 
the acid. • 

d. Calcmm sulphate. These experiments (11 in all) were per- 
formed at the University of Illinois. The reaction in moderately 
acid water was negative in all but two cases. In one of these a 
fish whicfi had at first selected the tap water end, was driven 
into the salt end, where it remained for the remainder of the 
experiment. An experiment in which 10 small blue-gills (2-4 
grams) were placed in the tank and their positions read at 30- 
second intervals, showed percentages as follows: Time spent 
in salt third 25 per cent, in middle third 32 per cent and in the 
tap w^ater third 43 per cent. 

e. Magnesiu??!. sulphate. Ten experiments with this salt were 
run at Chicago. All showed a negative reaction to theO.OlN 
concentration and in most cases the reaction was very decided 
(usually above 80 per cent in tap end). The experiments were 
not repeated at Illinois, 
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4 . Conclusmis from reac{io?i crpcrimen/s 

We note from the data which ha\’e been ^Wo.n that lishes 
are markedly sensitive to salts in solution and that they redact 
to them in a definite manner. They arc nogati\e to 0.01 X 
concentrations of most of the sidts used, if in wat(U’ wlilch is 
moderately acid; this is the normal condition in most natural 
bodies of water. When the water becomes stron^h' acitl, the 
reactions of the fishes are modified and may be re\'orsed ])y the 
mutual antagonism which exists between salts and acids. So 
far as these experiments show, this antagonism exists only be- 
tween the salts of K and Xa and carbonic acid. From tlu^ gen- 
eral work upon the antagonism of salts, to be discussed later, 
one would not expect the antagonism to extend to tlie salts of 
(;'a and Mg. In the reaction experiments it was seen that the 
fishes are, in nearly all cases, positive to some concentration of 
the salt in question. This positiveness is most noticeable in the 
case of NaCl. Table 1 is introduced to summarize the reactions 
of the fishes to 0.01 N salt concentrations in tin? different kinds 
of water used. 

B. ANTAGONIZING SALTS AND THE REACTIONS OF FISHES 

To determine whether or not fishes detect and react' to com- 
binations of salts in gradients, a number of experiments was 
performed, based upon the phenomena of the antagonistic 
reaction of salts, which are familiar to all biologists. These phe- 
nomena in their simplest form are expressed in the antagonism 
which exists between the salts of Xa and K, on the one hand, 
and Ca and Mg, on the other. There has also been found a. 
certain degree of antagonism between Ca and Mg in some eases 
(Meltzer and Auer ’08). Most of the work on the antagonism 
of salts has been done cither upon single organs as the heart, 
or other muscle tissue, or upon developing eggs and embryos. 
Certain combinations have also been shown to be best for pre- 
serving the life of fishes and other fresh water aningils in dis- 
tilled water (Ringer, etc.). So far as I am aware, no attempt 
has ever been made to determine the reactions of fishes to corn- 
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•ihomng the rcactiona of jishefi to .OIN concentrations of various salts, in gradients 
of different kinds of water, i.e., waters of different degrees of acidify 


HALT 

I'ER 

CKNT POSITIVE OR NEGATIVE IN, A GRADIENT OF 

different KIND.^ OF W.vTER 

the salt 

IN, 

Ntiutr^il tup wuKT 

DistiUKl water 
faintly acid 

Moderately acid 
lap water 

' StroDgly acid 
tap water 

(/hlori<les 


_ 


- 

+ 




Arninonhiin. . . 

_ 

— 

_ 

- 

21 

79 

— 

- 

Potassium .... 


- 

- 

-- 

67 

33 

- 

- 

Sodliiin 

03 

37 

Go 

35 

76 

24 

92 

8 

(Jalcium 

- 

- 

- 

- 

26 

74 

- 

- 

Magnesium . , , 



- 

- 

2P 

79* 

- 

- 

Nitrates 









.\ninioniuTM. . 


- 

- 

- 

35 

65 

- 

- 

IVdassiuni ... 

30 

70 

- 


69 

31 

- 

- 

Sodium 

- 

_ 

U 

SO 

. 30 

70 

80 

20 

('alcium 

oU 

50 

21 

79 

20 

80 

- 

- 

Magnesium . . . 

- 

- 


- 

0* 

100* 

. 

- 

Sulpiiatcs ‘ 




• 





Ammonium 

- 

- 

- 

- 

30 

70 

— 

~ 

I^otassiuni .... 

- 

- 

! - 

- 

0 

100 

- 

~ 

Sodium 

- 

- 

- 

- 

0 

100 

70 

30 

Calcium 

- 

- 

i 

- 

15 

85 


- 

Magnesium. . . 

• - 

- 

1 

1 


U* 

86* 


“ 


* Work done at Chicago. 


TABLE 2 

Com paring Wie reactions of fishes to single salts and to votuhinaiions of antagonistic 
salts. One sail is present in MIN concentration and the other as a trace {.0002N}. 
Slightly acid tap contains 6-8 cc. CO 2 per liter; strongly acid 18 cc. CO 2 per liter; 
distilled water is fainiy acid {2-3 cc. CO 2 per liter) 


1 

i 

SALT 

Ki^I^ OF water VSED 

! KEACrjON OF FISHES IN PER 
CENT OF TIME SPENT IN H.ALVE8 

1 OK T.ANK. POSITIVE = IN S-ALT 

I half; negative = IN TAP OK 

IN GKADIli,.\r 

DISITLLED WATER H.AI^F 



Per cent 
positive ! 

Per Cent 
negative 

XaNOs alone • 

Slightly acid tap 

30 ' 

70 

NaXOs + trace Ca (XOs)- 

Slightly acid tap 

79 

21 

NaNOa + trace Ca (XOs)*. . . . . . 

Strongly acid tap 

96 

4 

Ca (N 03)2 alone ■ 

Sliglitly acid tap 

23 

77 

(.’a (NOs )2 + trace XaXOa 

Slightly acid tap 

70 

14 

Ca (NOjhi alone 

Distilled water 

19 

81 

Ca (XOj). T trace NaSih 

Distilled water 

87 

13 

Ca (XOslo + trace MgCXO^)-.. . . 

Strongly acid tap 

53 

47 


2o6 
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binations of salts in a gradient, and I prj^sein a nuinoer of experi- 
ments of this sort here. They show that fislies reeognize and 
react to combinations of salts aeoording to tlie prediction whicli 
might have been made from the results of previous work upon 
antagonism. 

It will be remembered that fishes are sliglitly positive to 0.01 N 
NaNOs in moderately acid water. It wns found, how(nau’, that 
they are negative to this salt in water that is l)ut faiiitly acid 
and for this reason the following experiments were run in water 
which contained less than S cc. CO. ])cr liter. The experiments 
were first run as regular salt experiments such as have beam 
described before, and ^len the antagonizing salt was added to 
the salt flown The concentration of the original salt was always 
O.OlN and that of the antagonizing salt 0.0002\, i.e., a bare 
trace was added. The results of tln^se experiments arc shown 
in table 2. A considerable number of exi)criments was run with 
each combination in the tap water, and then some check (experi- 
ments w^ere run in distilled water. The result g in the distilled 
water gradients are very similar to tliose inhlie ta]) w^ater. 

Discussion of the experiments ivith antagonizing salt combinations 

Table 2 show'S clearly that the antagonistic action if the salts 
is detected and reacted to by the fishes. This is shown, for 
instance, in the sodium nitrate experiments; here (he fishes were 
70 per cent negative to this salt in slightly acid water but when 
a trace of calcium nitrate w*as ndded the negative resjionse fell 
off to 21 per cent and the positive rose from 30 to 79 per cent: 
Then in strongly acid winter the positive response increased to 
96 per cent. The reactions of fislies in any gradient are due to 
their tendency to move about until they rea(di an en^'ironment 
that neither over- nor under-stimulates tliem. Thus they will 
not remain quietly in w^ater that is strongly acid nor will they 
do so in winter that is neutral. A slight degree of acidity (1~6 
cc. CO 2 per liter, Wells T5 a) furnislies their optimum stimula- 
tion as far as H ion is concerned. The reversal in t’caction of 
the fishes in gradients to which a trace of an antagonistic salt 
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has boon added, must then be due to the fact that this trace of 
salt lessons the stimulation in the salt end of the gradient. There 
are three principal factors affecting the degree of stimulation 
of th(^ gradients referred to in table 2, namely, the original salt 
(e.g., XaXOs) the antagonising salt (e.g.,. Ca(X" 03 ) 2 , and the 
acid, lief ore the antagonising salt was added the fishes were 
negati\^e to the original salt, even though this meant spending 
most of the time in a degree of acidity which was slightly above 
their optimum. With the addition of the antagonising salt, 
however, they reversed their reaction and became positive to 
the salt end. The antagonising salt must have diminished the 
original stimulation in the salt end or h^ve increased the stimu- 
lation in the acid end, or both. The work upon the effect of 
acids and salts upon permeability suggests that both factors 
were concerned. Lillie (TO) has shown that calcium salts de- 
crease the permeability of egg membranes while the salts of 
sodium increase the permeability. Osterhout (T2, a and b) 
has shown that, sodium salts increase the permeability of plant 
cells while the addition of a trace of calcium salt maintains nor- 
mal permeability even in the presence of an excess of the sodium 
salt. Osterhout has also showm that there exists a mutual 
antagonism between certain acids and salts as for instance be- 
tween HCl and X"aCl, but the salts of calcium and magnesium 
work with rather than against the acid. 

In the above experiment, therefore, the addition of the caU 
cium salt to the end of the gradient which contained a sodium 
salt in concentration strong enough to cause the fishes to give a 
negative reaction, resulted in the hshes becoming positive. This 
reversal in the reaction of the fishes must have been due to the 
decrease in the stimulating power of the salt end. It has already 
been shown that increasing the acidity of water will cause fishes 
to become positive to concentrations of sodium salts to which 
they are normally negative (table 2) and it was found that the 
higher the acidity the higher was the concentration of sodium 
salt selected by the fishes. 

Table 2 also shows that the antagonistic action between cal- 
cium and sodium salts is detected and reacted to, when the con- 
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Fig. 2 Showing the reaction of buil-heads (Aniciuriis inohis) to C\-i(No 3 ):, 
alone, and in combination with a trace of XaNOs. ^Tlie concent rutioii of the 
calcum salt was 0.01 N throughout and that of the sodium salt 0.0002 N ; experi- 
ments performed in distilled water; numl^ers at left indicate lime in minutes. 


centrations of the two salts are re^’ersed, i.e., when the calcium 
nitrate is present in O.OIN concentration and the sodium as a 
trace (0.0002N). The data for table 2 were obtained from 
graph experiments and also from readings. The same fishes were 
used in the gradient with the different conditions, i.e., they 
were first graphed in the gradient with the sodium salt (c.g.) 
alone and then again after the calcium salt had been added to 
the flow. To illustrate more accurately this method of experi- 
ment figure 2 is inserted. The graphs showm in this figure are 
3 of those made by 4 bull-heads. The experiments w^ere run 
as follows: The gradient with only Ca(XOs )2 flowing in at the 
salt end, was obtained by allowing the flow' to continue for 30 
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minutes. The fishes were then taken from the large aquarium 
and placed in pans of water, numbered 1, etc. The fish from pan 
No. 1 was placed in the gradient and its movements graphed 
for 15 minutes. It was removed and No. 2 was placed in the 
gradient and graphed. This was repeated for Nos. 3 and 4. 
A trace of NaNOs was now added to the inflow at the salt end; 
after 20 minutes fish No. 1 was again placed in the gradient and 
its movements graphed for 15 minutes. This was repeated 
for the three remaining fishes in the same order as before. The 
graphs show the marked difference in the reactions of the fishes 
before and after the trace of sodium nitrate was added. 

C. PHYSIOLOCaCAL STATES AND THE REACTIONS OF FISHES 

In the discussion so far attention has been called to the fact 
that in most of the series of experiments, there was a small 
percentage of the fishes (usually 3-5 per cent) which gave re- 
actions more or less the reverse of those given by the majority. 
Such exceptions to the general behavior are common in experi- 
mental work of all sorts and probably indicate physiological 
differences upon the part of the organisms. That such physio- 
logical differences, i.e., pliysiological states, exist and that they 
influence very markcclly the reactions of the animals has been 
proven beyond doubt (C'hild T3, and Alice T2). Alice and 
Tashiro (T4) have shown that the reactions of isopods are very 
closely correlated with the metabolic activity and Alice (T2) 
has shown that by changing the rate of metabolism he can alter 
and even reverse the reaction of isopods to current. A correla- 
tion between the rate of metabolism and the reactions of amphi- 
pods has been shown by Phipps (M 5) . 

At Chicago during the winter of 1913-1014, a study not yet 
published was being made of the effect of starvation upon the 
resistance of fishes to KCN and low oxygen; it was thought that 
the starving fishes furnished good material for ascertaining dur- 
ing the same period something of the effects of starvation upon 
the reactions of fishes in gradients. Accordingly a series of 89 
experimemts was run with the starving fishes in gradients; 50 
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of the experiments were in gradients of CaCl> since it scorned 
best to confine the experiments to a few salts at the most. It 
was decided that the starving fishes should not be handled to 
any great extent during the obtaining of the data for which the 
material was originally intended. A few experiments were run 
in gradients of Ca(ISi03)o and i\IgCb the results of which were 
much like those for CaCb. Nine oxpriments with starving fishes 
in low oxygen gradients are included as they ai'o significant. 

The experiments with starvation and resistance of fishes showed 
in brief the following points: The fishes as they began to starve 
became more resistant to KCN and low oxygen. This rise in 
resistance which is a decrease in susceptibility, continued for some 
weeks (varied with species). There was then a rather sudden 
decrease in resistance (increase in suseptibility) v hich was found 
to be a close fore-runner of death. In terms of metabolism, as 
starvation in certain fishes proceeds the rate of metabolic acitvity 
is at first decreased. After remaining below normal for some 
weeks (or even months) the forces which are inhiliiting the rate 
of reaction, give way and the rate runs up rapidly to, and beyond, 
the nomial rate. Whether the changes in the physiological 
condition of the fishes are wholly quantitative is not certain. It 
is very probable that a change in the rate of metn holism does not 
express all that takes place but there may be alterations in the 
kind of metabolism also; in other words star\’ation in fishes may 
produce qualitative as well as quantitative changes in metabolism. 

Starvation experiments were run with several species of fishes 
including the rock bass (Ambloplites rupestris), small mouth 
black bass (Micropterus dolomieu), pumpkin seed (iMipomotus 
gibbosus), mud minnow (Umbra limi), and tlic black bull-head 
(Ameiurus melas). The fishes seemed to be divided into two 
groups as far as their starvation reactions are concerned. The 
bull-heads made up one group and the other fishes a second, 
^iost of the’ Vork was done with the bull-heads and the I’ock 
bass as reprevsontatives of the two groups. In the case of the 
rock bass some quantitative data can bo presented. 
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1 . Reactions of starved fishes to CaCk 

Normal bull-heads are negative to 0.0 IN calcium chloride in 
a gradient. It was noticed, however, that when food was given 
these fishes they often became positive to the salt half of the 
tank. To check this reaction 23 experiments with normal, well 
fed and starved bull-heads were run. Table 3 shows the results 
obtained. It shows that normal fishes (bull-heads) are negative 
to 0.01 N calcium chloride well-fed ones positive, and starved 
negative again. The well-fed bull-heads were in fact given all 
the food they would eat and thus were really over fed, as they 
ate until their abdomens w'ere much puffed out. The data in 

TABLE 3 


Shotcing the reactions of normal, over-fe,d, and starved hull-heads {Ameiurus melas) 
to .OlK calcium chloride, in a gradient. Data show.s per cent of time spent in 
the halves of the tank 


FISH xi;mhf;k 

1 

NORMAL RRAL’TION 

OVEU-FED 

REACTION 

1 

BTAHVBD 

i 

BEAfTlON - 

CitCL ! 

Tap 

1 CaCl 2 

Tap 

CaC )2 

Tap 

1 

29 

1 

, 71 : 

66.5 

; 33.5 ' 

32 

68 

2 

44 

56 ' 

1 78 

22 

63 

37 

.3 

34 

66 ' 

57 

43 

29 

71 

4 

.37 

63 

73 

1 27 

40 

60 

5 

31 

69 

78 

1 22 ' 

52 ' 

48 


table 3 is taken from the graphs made with 5 fishes. The normal 
reaction of each fish was determined iipmediately upon bringing 
it into the laboratory from the streams. On the next day 'the 
fishes were fed all the beef they would eat and graphed again on 
the third day. They were then starved and graphed from day 
to day. The figures in column 4, table 2, are those obtained 
after from 5 to 10 days starving. Each dhy calcium chloride 
was run into the end of the tank opposite that of ^e day before. 

The method of experimenting with the rock bass in the resist- 
ance experiments was to bring them in from the creeks in which 
they live and to w^eigh them individually, and at once. The 
process of starvation was then kept track of by successive weigh- 
ings. Twenty-six experiments with these starving fishes were 
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run to determine the effect of the starvation upon the reaction 
to CaCU. It will be recalled that normal rock bass are negative 
to this salt in O.OIN concentration (except in the case of large 
fishes). The starving rock bass were therefore experimented 
upon in gradients of CaCb at different stages of starvation, with 
results such as those shown in table 4. This table shows that 
starvation increases the percent of positiveness of these fishes. 
This is true for that period of starvation, during which the rate 
of metabolism is slowed up. The few expeiiments that were 
performed upon fishes in which the factors inhibiting starvation 
had broken down and the rate of metabolism had gone above 
normal, indicate that the fishes are again negative to Ca salts 
at this time. 

TABLE 4 


Showing the reactions of normal and starved rock bass [Ayyibloplitcs rupeslris) to 
.OIN concentratioJis of CaCU in a gradient. licaciions ore shown in per cent of 
time spent in the two halves of the gradicjit tayik 


FISH NUMBER 

t.\TE OF 

COLLECTION 

t 

DATE OF 
EXPEKI- 

ORICIIXAI, 

WEItJllT 1-V 

WEKIHT 

AT TIME OF 

f 

« K A LT 1 0.V IN PE H ( • E N T 
Oh TIME l.\ 


MENT 




I'iip water 

1 

1013 ■ 
Nov, 20 

1913 
Nov. 23 

9.9 

8,9 

30 

70 

2 

20 

23 

23 . 1 1 

22.5 

43 

57 

3 ' 

20 

23 

56.2 

S4,o 

38 

62 

4 

20 

23 

70.6 

68.4 

22 

78 

5 

20, 

23 

126. 0 

124.0 

90 

10 

6 

Oct. 16 

23 

21.1 

18.6 

100 

0 

7 

16 

23 : 

66.0 

61.7 

30 i 

70 

8 

16 

23 : 

* 90.9 

77.0 

10 

90 

9 

Dec. 6 

1914 
April 9 

97.0 

64.2 

38 

62 

9 

6 ; 

10 

97 0 

64.0 

73 

27 

9 

0 i 

10 i 

ends of gradient reversed 

82 

18 

9 

6 

15 i 

97.0 

1 67.3 

34 

66 

9 

6 

15 

ends of gradient reversed 

30 

70 

9 i 

6 

16 

97.0 

G5.0 

67 

33 

■ 9 

6 

17 

97,0 

62 3 

76 

24 

10 ' 

- 6 

5 

83 

64.2 

16 

54 

10 

6 

10 

83 

61,7 

61 

39 

10 

6 

10 

ends of gradient reversed 

58 

42 

10 

6 

16 

83 

61,0 

60 , 

40 
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Note (table 4) that the normal fishes were negative to 0.03 K 
C.’aC'h, that with the small fishes this reaction had become posi- 
tive by the end of a little over a month (fish No. 0) w^hile the 
larger fishes were still negative. Fishes Nos. 9 and 10 show the 
reaction of fishes starved for almost four months. These fishes 
were kept in running water and probably obtained a little food 
but the successive weighings showed that the process of starv^a- 
tion was a continuous one. Note the reversal in reaction of 
fish No. 9. The first experiment wdth this fish shows it to be 
slightly negative. On the next day it had become positive, as 
w^as shown by two experiments, with the salt flow at one end of 
the gradient tank in one, and re\xused in the other. The weigh- 
ings show that the fish had increased in weight since the day 
before and this increase must have been due to the securing of 
food in some way; the food had temporarily restored the normal 
reaction. However, by the next day the weight had again fallen 
off and the fish was once more positive to the salt, as is charac- 
teristic for starving fishes. 

2. Reaciion of starved fishes to low oxygen 

The results of the experiments with starved fishes (rock bass) 
in low oxygen gradients are seen in table 5, w^hich shows that 

' TABT.K b 


Shoxving Ihc reacliorifi of normal and starved rock hass to low oxxjgen in a gradient. 
Reactions are expressed in per eexxt of lime in the halves of the tank {work dofic 
at Chicago) ■ 


KISH NCMHEH 

HATE fJF 

COt.l.ECTlON 

DATE OF 
EXPKlti- 

ORIGINAL, 

WEIGHT 

WT, AT 
.AT TIME 

RE.ACTIONS IN PERCENT 
OF TIME IN 


ME N T 


l ,nw Oi 

Tap water 

Normal fishos 

1 

1913 
Nov. 20 

1913 
Nov. 22 

1.7 

1.5 

5 

95 

2 

20 

22 

9,9 

9.5 

25 : 

75 

a 

20 

22 

23.1 

22.5 

32 

68 

4 

20 

22 

70.6 

69.0 

20 

80 

5 

20 

22 

126,0 

124.0 

91 

9 

Starved fishes 

6 

Oct, 16 

22 

21.1 

18.6 

44 

56 

7 

16 

22 

66.0 

61.7 

50 

50 

8 

16 

22 

90.9 

77.0 

34 

. 66 
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normal rock bass are negative to low oxygen (1 co. per liter at 
the low end) as has been shown also by Shelford and Allee (’13, 
p. 236). Large rock bass seem to bo an exception to this general 
rule as they are not always negative to low oxygen, and in some 
cases seem to definitely prefer the low oxygen end of t he gradient, 
spending a majority of the time there. The causes of tliis re- 
action has not been determined but it may have to do with the 
concentration of hydrogen ion which would probaldy be a little 
higher in the low oxygen end than in the high oxygen water, tha 
difference being due to the difference in the effect of the two 
kinds of water upon the elimination of carbon dioxide by the 
organism. ’ 

Fishes Nos. 6 to 8 (table 5) are the individuals occurring under 
the same numbers in table 4. There it was noted that their reac- 
tion to the CaCh had become more ]X)sitivo than the normal re- 
action and in table 5 it will be noted that these fishes are less sen- 
sitive to the low oxygen also. Fish No. 5 is also the same in tables 
4 and 5 and it Avill be noted that this fish was posit ive to both 
low oxygen and 0.01 N CaCh. Experiments in low oxygem gra- 
dients were not performed with these fishes later in their period 
of starvation but the data given indicate that as they become 
somewhat starved they at the sanu' time bi'cojiie less negative 
to low oxygen. This indicates that their metabolic rate is slower 

than normal. 

• 

D. ACCLIMATIZATION AND THE REACTION OF FISHES 

During the -course of the experiments, considerable evidence 
was accumulated concerning the effect of acclimatization upon 
the reactions of the fishes. A few experiments with fishes in 
COz gradients indicated that those fishes after living for two to 
three weeks in water whose LO 2 concentration was 8 to 10 cc. 
per liter, were more sensitive to the LO‘> than normal fishes. To 
determine whether or not the presence of an excess of salt would 
result in similar reactions to the salt in a gradient, a series of 
acclimatization experiments with (AaC'h was run. 

A medium-sized (45-gram) rock bass was graphed in a LaCh 
gradient; its nomial reaction was decidedly negative to 0.01 N 
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CaCl 2 . It was now placed in a 20-gallon-jar full of a O.OIN 
solution of this salt. Each succeeding day it was taken from 
the jar and its reaction in the gradient graphed, when it was re- 
turned to the jar. This was continued for 6 days; the con- 
centration of the solution in the jar was then riased to 0,05N. 
The fish was left in this solution 4 days longer, being graphed 
each day. It was then returned to the tap water and graphed 
again after 2 days. In making the graphs each day, the salt 
solution was run into the end of the gradient tank, opposite 
that of the day before. A series of the graphs made by this 
fish are* shown in figure 3. They show the different stages in 
the process of acclimatization. In short they indicate that the 



Fig. 3 Showing the reversal in reaction to 0.01 N CaCli, upon the part of a 
45-gram rock bass (Ainbloplites rupestris), after being kept in the salt solution 
for a week, and the return to normal reaction upon being placed in tap water 
again. In the experiments the salt was made to flow into alternate ends, but in 
tlie chart the graphs have been copied so that the reaction will be more easily 
seen, by keeping the same relation bcLweeii the tap and CaCU ends. 
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fish did become acclimated to the CaClo solution by the end of 
a week and selected the higher concentration in the gradient. 
Then after 2 days in the tap w^ater it was negative to the salt 
again. 

A like set of experiments was performed with a small bull- 
head (6 in. long) with similar results; the acelimalization, how- 
ever, came sooner. * Sicither of the fishes was fed while i]i the 
CaCb and this would have an effect upon their reaction. The 
fact that the rock bass became negative again aftei* b(hng returned 
to the tap water indicates that the starvation did not account 
for its positive reaction while being kcjit in the CaCl* solution. 
Starvation would tend to increase the negati\’eii('ss of bull- 
heads to the salt so the positive reaction upon being kept in the 
CaCh can be due to nothing but acclimatization. The difference 
in the effect of starvation upon the reactions of the two species 
of fishes to salts is probably due to a difference in the metabolism 
of the fishes and will be discussed in another paper. 

, E. RESISTANCE OF FISHES TO SALTS 

The toxic effect of certain salts upon organisms has been the 
subject for considerable investigation upon the jiart of other 
workers (Ringer, Loeb, R. Lillie, and others) and therefore con- 
siderable is known concerning the relative toxicity of the various 
salt ions. In the present paper are presented data which indi- 
cate that much of the work upon the toxicity of salts must be 
reconsidered and correlated with the chemical reaction of the 
water. The data show that the poisonous properties of a given 
salt may vary within wide limits depending upon the amounts 
of hydrogen or hydroxyl ions present in the solution. 

1 . Remtance to ammonium (<aHs 

According to Mathews (’07) the pharmacological action of 
most salts is due to the ions of the salt. Ihe kind of action 
depends upon the character of the charge of the ion, i.e., whether 
positive or negative; the degree of action is proportional to the 
available energy in the* ion. Ammonia salts are peculiar, how^- 
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over, in that their toxicity is not due to the action of either of 
the original ions, but to the products which are derived from the 
breaking down of the original ammonia compound. Ammonia 
salts in solution dissociate principally into NIT4 ions and the 
acid ion with which the ammonia is combined. There is a hy- 
drolytic dissociation also, so that there is^ always present in the 
solution a small amount of the free acid and the ammonium hy- 
drate. In considering the reactions of fishes to ammonium hy- 
drate (Wells, T5a, p. 236) it was pointed out that the ammonium 
hydrate in solution is in equilibrium with and is but a small per 
cent of the dissolved ammonia gas. In the case of an ammonia 
salt the hydrolytic dissociation of the salt produces the hydrate, 
which in turn dissociates to give water and ammonia gas. The 
amount to which the salts dissociates into ammonium hydrate 
and ammonia gas varies with the salt, being least in the sul- 
phate and larger in the carbonate (Mathews, l.c.). Mathews 
further states that it is probable that the action of the ammonium 
salts is due, therefore, to the hydrate which is farmed, and in 
turn the action of the hydrate is dependent upon the action of 
the dissociated NH3. This gas is probably in *a nascent con- 
dition just at its moment of origin, when the valencies of the 
nitrogen are still open. 

The toxic action of the ammonium salts used in the reaction 
experiments w-as found to be very marked when they were dis- 
solved in the tap w\ater, but was much less when the salts werft 
dissolved in distilled w^ater. Solutions (O.OlISi) of the chloride, 
nitrate and sulphate w^cre made up in tap and distilled water 
and small blue-gills (3-gram) w^ere pla(jed in jars of the different 
solutions. The temperature w^as kept constant by setting the 
jars in running tap w^ater. One liter of solution was contained 
in each; the results are showm in table 6. 

The marked increase in the longevity of the fishes in the dis- 
tilled w^ater seemed worthy of further investigation. Death in 
the distilled water w’as in part due to increasing acidity of the 
solution, as titrations show^ed a concentration of hydrogen ion 
at the end of the experiments that must soon have kiUed the 
fishes even though no other factor w^ere present. This increase 
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TABLE 6 

Showing ike resistance of small blue-gills (S-gram) to ,01X concvulradous of Ihc 
cklolidef nitrate and sulphate of ammonium dissolved in tap and 
distilled water 


KIND OF WATKH j 

DYIN’(} TIMK IS 1HB Sol.l TlONt^ 

(’hlarid(> 

Nil rati* 

Sul [ilia to 

T'ip water from aquarium 

4 .S hours 

IS days 

3.9 hours 

IG days 

3 Imiirs 
17 days 

^ ..... .‘ .. 

Distilled water 



in the acidity of the solutions was marked in the ease of all three 
salts and the titrations showed that the acidity u])on the day 
of death of the fishes^ had increasefl to nearly O.OOIX while 
0.0001 N' is enough to kill these fishes in distilknl water wlieii no 
salt is present. The increase in acidity was not due entirely to 
the CO2 given off by the fishes, as boiling did not renioxa' it. It 
must, therefore, have ’come from the acid which liad formed 
from the hydrolysis of the salt. The ammonia formed in tlie 
same process had passed off into the atmosphere. It seems 
clear then that the three salts in question do not furnish a large 
enough quantity of NH3 to kill the fishes, if the salts are dissolved 
in distilled water. 

It has been pointed out in a previous paper (Wells Mo a) that 
the tap water at the University of Illinois contains an unusually 
large amount of the bicarbonates of Ca and iVfg and that as 
Ihe watfer is aerated these bicarbonates dissociate to give the 
normal carbonate. It was thought that the toxicity of the 
ammonium salts in the tap water may have been due to the forma- 
tion of ammonium carbonate and tlie further dissociation of this 
salt to give NH3 in toxic quantities. To test this possibility 
three experiments with 0.0 IN concentrations of (NH4)2( O3 
in distilled water, were tried, The dry salt ga\’c a sti’ong odor 
of ammonia but the solution was too dilute to give any odor at 
all. After thoroughly shaking the solution and allowing it to 
stand for 10 minutes, a 10-gram sun-fish was pla(?cd in a liter of 
it. A control was run in distilled water. Ihe result of this 
experiment, together with those obtained from a number of other 
experiments are given in table 7 . The table shows that am- 
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monium carbonate is very toxic in distilled water, that standing 
does not lessen its toxicity greatly nor does it that of the sulphate 
in tap water, and finally that the ammonium sulphate is no longer 
toxic in tap water when the carbonates have been converted into 
sulphates by the addition of enough sulphuric acid to make 
the water neutral to methyl orange. 


■ TABLE 7 

Shoicing the re.^stance of fishes to .01 N concentrations of {NlifjiCOz in disiilted 
water; the effect of standing upon the toxicity of ammonium salt solutions; and the 
non toxicitij of a solution of {NHi)«SO^ in tap water when the carbonates have been 
converted into sulphates. 


SOLUTION 

DUNG TIME OF THE FISH IN THE 


Experiment ' j 

Control 

O.OIN (jS^H 4 )aCOa in distilled H.>0 

1 .7 hours ' 



2.2 hours ■ 


0.01 N (Nll 4 )‘>S 04 in tap water 



Similar solution .after 24 hrs 

2 , 2 hours 

normal 

O.OlN (NH 4 .) 2 S 04 in tap w.ater after the 
carbonates have been changed to sul- 
phates 

fish normal at 
; end of a month 

! control in .OIN 
sulphate in or- 
dinary tap; 
dead in 2.1 hrs. 


The experiments upon the resistance of fishes to ammonium 
salts show clearly that ammonia in any form is toxic to fishes 
in water containing carbonates. Since practically all natural 
waters contain a greater or lesser amount of the carbonates in 
solution as such, or as bicarbonates, the introduction of even 
very small amounts of ammonia into these waters will be very 
detrimental to the fishes. Table 7 shows, on the other hand, 
that the carbonates are not necessary to the immediate existence 
of the fishes, i.e., the water need not be alkaline to methyl orange 
as Marsh (^07) claimed. It may of course be that the carbonates 
are necessary to a successful completion of the life history of 
some fishes, or to the continued existence of certain species. This 
point has not been worked out so far as I am aware. 
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Resistance to potassium salts 

Solutions (O.OIN) of the chloride, nitrate, and' sulphate, were 
made up in tap water and a small blue gill (3-5 gram) intro(fuced 
into a liter of each; the results are shown in table 8. 

The action of the potassium salts in tap water was checked 
by placing a fish in a O.OIN solution of the most toxic one, i.e., 
the sulphate, in distilled water. The reactions of this fish were 
very peculiar. After 3 days in the solution it was, noticed that 
the fish was losing its equilibrium and it was expected that it 
would die in a few hours. On the next day, however, it was still 


TAHLE 8 

Showing the resistance of small blue gills to .OlN concentrations of potassium salts 
in solution in tap water 


DyiMO TniR ]N’ 

Chloride 

Nitrate 

Siilphiite 

i 

NoTtnal on 15th day 

15 clays 

4 days 



alive and for 10 days more it lived spending much of the time 
lying on its side but righting itself wiien touched with a glass 
rod. Its movements were sluggish and stiff, much as though 
^t were dying from fungus disease. In all, the fish lived for 
14 days in O.OIN potassium sulphate solution, which is over three 
times as long as a fish of the same size lived in the same strength 
solution in tap water. The long-drawn-out death of the fish 
is not a phenomenon that is peculiar to potassium salts, however, 
for it was noted that another small blue gill which was in an 
ammonium nitrate experiment in distilled water at the same 
time, gave a similar reaction. This latter fish swam about for 
three days on its side with the body bent into the bow-shape 
that often distorts fish after death, especially when they dry 
out. This suggests that the distortion may have been due to 
osmotic changes in the tissues. 
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3. Resistance to sodium salts 


Experiments with the following sodium salts were performed 
in t^ water: bicarbonate, carbonate, chloride, nitrate, and sul- 
phate. The solutions were 0.01 N and the fishes small blue gills 
• (3-5 grams) . The results were as follows : 


Salt usrd 

Sodium l>ic:irbonate 
Sodium cftrl)onate 
Sodium chloride 
Sodium nitrate 
Sodium sulphate 


Reaistance of fishes 

Normal at end of 15 days; discont. 

Dead after 3 days 

Normal after 10 days; discont. 

Dead after 31 days; only 50 cc. water left 
Normal after 20 days; discont. 


From the above results we see that the sodium salts are not 
toxic to blue gills when 0.0 IN concentrations are used in tap 
water. The carbonate is an exception as the fish dies in this 
solution in 3 days. It has already been shown (Wells ’*15 a) 
that these fishes cannot live in water that is even faintly alkaline 
and thus the action of the carbonate is due to its alkalinity. 

It will be remembered that the reactions of the ^fishes in salt 
gradients were complicated by the antagonism between the 
salts and the acid in the water. Loeb was the first to demon- 
strate that there exists an antagonism between salts and acids, 
as in 1899 he showed that acid antagonises the effect of NaCl 
on the swelling of muscle. He suggested that the antagonism 
depends upon the action of the substances upon the proteins of 
the tissues. Again, Loeb and Wasteneys (T1 and T2) demon-, 
strafed the antagonism between salts and acids, in their effect 
upon the marine fish Fimdulus and explained the effect as due 
to a direct action on permeability: Osterhout (T4) made in- 
vestigations which show that similar thougli less striking antago- 
nism between acids and AaCl occurs in plants; he further states 
that the antagonism is not as great as that between Na(T and 
CaCL. 

To determine the relation of the antagonism between salts and 
acids to the resistance of fresh water fishes, a series of experiments 
was run with NaCl and H(d. Table 9 summarizes the results 
of these experiments. From this table it jvill be noted that fresh 
water fishes of the same species and size live much longer in toxic 
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TABLE 9 

Showing the a^iiagonisni of NaCl and HCl in their to,nc action upon fiithcK; experi- 
ments performed in dintiUed water {l\ of I.) 


SIZE AVD SPECIES OF FISH 

KiM) i)F SOI r riiiN 

TI^IE 

IN HOI US 

25-gram rock bass 

O. 2 . 0 X XaCl 

IS 

2l?-gram rock bass 

0.2,jX XaCl + O.OOOOoX HCl 

41 

12- gram green spotted sun- fish . 

0,25X XaCl 

4S 

8- gram green .spotted sun-fisli. . 

0,2r)X XaCl + O.OOOO.'iX HCl 

144 

3-grani green spotted sun-fisli . . 

O.OOOIX HCl 1 

4S 

3-gram green spotted s\ui-fish . . 

0, 0001 X HCl -f- 0.1 2X XaCl 

normal at cud 
of motil li 

45-gram green spotted sun-fish. . 

0.25X X^aC.'l -{- KOH to make 
just alk. 

14 


concentrations of NaCl when a trace of HCl is added. Also that 
fishes in toxic concentrations of HCl live longer when NaCl is 
present. Furthermore, NaCl is much more toxi(i in faintly 
alkaline solutions than it is in faintly acid solutions. All this 
agrees with Osterhout’s conclusions as to the elTect of alkalies 
and acids on permeability. 

4. Resistance to the salts of Ca and Mg 

The only resistance experiments which have been carri(Ml on 
with those salts are some that were performed at Cliicago. 1'ho 
experiments with Ca were performed in connection with the 
acclimatization experiments already discussed. In bih^f, it was 
found that the sun-fishes li^^ed very well in O.OIN Cat 'b, while 
the bull-heads did not live so well. Other experiments showed 
this same relation for the nitrate and sulphate but the latter salts 
were decidedly more toxic than the chloride and tluwsun-fisln's 
did not live w^ell in solutions of them. An inteivsting fact was- 
noted in connection with the CaCb experiments. A iiK'dimn 
sized (50-gram) rock bass, after a week in O.OIN solution, sliowed 
signs of degeneration of the rays of the tail tin. This degenera- 
tion continued until nothing but the blood-rcHidened slid) of the 
tail was left. The other fins were not affected; the tail fin re- 
generated when the lislf was returned to tap water. 
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Day (’87, p. 203) states that in a certain lake in the British 
Isles, there is a race of tailless trout which somo authors claim 
can be traced as due to the action of deleterious matter in the 
water. Day (loc. cit) also quotes J. Harvi e-Brown as sa3dng, 
about 1876, ^^that a contraction of the rays of the tail fins of the 
trout in the river Carron occurred, and was believed to be due 
to the continuous pollution of the water through the agency of 
paper mills.” Upon looking up the composition* of the waste 
from the paper mills (Griffin and Little ’94, and Phelps ’09) I 
find that among other substances calcium is always present in 
large quantities, both as the chloride and in other combinations. 
Therefore the phenomenon reported by Day was likely due to 
the presence of an excess of calcium in the water. 

Marsh (’07) has shown that the waste from paper mills is very 
toxic to fishes. Calcium is not especially important, however, 
as the toxicity of the waste is probably due to the excess of acidity 
or alkalinity, and perhaps to other toxic substances. 

V. GENERAL DISCUSSION 

The 'experiments discussed in the preceding pages will be 
considered very briefly in one or two phases, of their general 
bearing. From an ecological point of view they emphasize 
once more the ability of fishes to recognize and react to environ- 
mental factors in very small concentration. It should be pointed 
out, however, that the reactions of fi^es to salts in solution* 
are by no means so delicate as their reactions to acids and alka- 
lies, i.e., to hydrogen and hydroxyl ions. As a matter of fact the 
reaction to salts is complicated by the acid factor in many cases, 
as, for instance, when the salt gives an acid solution, but more 
especially in the numerous instances where there exists an an- 
tagonism between the salt and the acid. Thus fishes may react 
differently to a given salt concentration in water which is strongly 
acid and water that is but faintly acid. The resistance experi- 
ments show, also, that fishes can live in the presence of an acid 
concentration which would ordinarily kill them, if the proper 
concentration of the right salts is preset^. The work of Oster- 
hout (’15) and others, as well as data presented in this paper, 
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indicates that the antagonism between the salts of calcium and 
magnesium is not nearly so marked as it is in tlie case of the 
salts of sodium and potassium. Since the former salts are bv 
far the most common and plentiful in natural fresh waters, the 
importance of salts in nature in antagonising introduced acids 
is less than it would be were the salts of sodium and potassium, 
plentiful. The problem is one which will furnish material for 
some very interesting ecological investigation. 

The importance of small amounts of ammonia in natural 
waters has been pointed out in the discussion of thesis salts. 
The effects of starvation upon fish metabolism and inaction 
will be further discussed in another ]xi[)er. There is an intin- 
esting possibility brought out by the acclimatization and otlua- 
data, especially those pertaining to the imimrtance of acids, 
that will be discussed here. This- ])ossibiUty relates to the 
movements of organisms in general but the present discussion 
will be limited to the very interesting migrations of the auadro- 
mous fishes. 

The stimulus that causes anadromous (ishes to spend part 
of their life cycle in fresh and part in salt water has long lanMi'a 
matter for speculation. Such stimulus must lie rolateil to tlu^ 
rhytlimical metabolism of the animal, for it firings the fishes into 
the sea or fresh water at certain dcfiniti^ stages in the life cych‘. 
The state of the metabolism of these fishes while they are in the 
fiiesh water, must differ very decidedly fi’om that dming the period 
of the life cycle which they s])end in the ocotin, for tlu'se two en- 
vironments differ in two very important pnrticnlars, namely, 
the fresh water has a low specific gravitv^ and is consistently 
acid in reaction, while the sea water has a relatively high spef'ilii* 
gravity and is consistently alkaline. Also the reactions of 1h(‘ 
fishes are markedly different. In the fresh water they ar(^ ))osi- 
tive to cun-'cnt, and, in a gradient, select water that is just on the 
acid side of neutrality and of lower density than that of tho.^ea, 
J^alt water fishes, on the other hand, are pi'obably negative to a 
Iresh water current, select water on the alkaline side of neutrality 
and reject water of low specific gravity for that of higher fShel- 
tord and Powers T5). The react ions of the fishes in fresh water. 
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therefore, are the reverse of those in sea-water with regard to 
tlie.se three factors, and in. the normal life cycle of such anadro- 
nious fishes as the salmon, this reversal in reaction must occur 
:it k^ast twice, oiic(' wluni tln^ ti slices leave the fresh water streams 
for the ocean, and again wlien they return. With species of 
salmon that bre(Hl more than once, the reversal must occur more 
often. 

dljere arc? two g(*neral complexes of factors io be considered 
in an attempted explanation of the reactions of the anadromous 
fishes, namely, tin? fish and tlu' environment. I^oth are made 
up of physico-chemical factors which ai'e measurable, and to a 
large degree quantitatively. Of the two complexes, that of 
the living organism is least understood and perhaps, because 
it is much more \*ariable and changing than the en\dronmental 
complex, which, es]>ecially indhe case of the sea-water, varies 
hardly at all. t'or the fishes to live normally in the environ- 
ment there must exist between the two complexes a more or less 
complete equilibrium. A disturbance of this equilibrium re- 
sulting from a change in either of the complexes, will, if great 
(‘iiough or long enough continued, result in the death of the 
iishes unless by their reactions they seek out another environ- 
ment which allows their physiological pi’occsses to proceed nm- 
mally. It should l^e emphasized that the only mode of readjust- 
me!it is through the proper reaction, either physiological or motile 
upon the part of the fishes, since the environment iff much the 
more stable complex, and there? is a great deal of evidence to show 
that of the two possible reactions upon the part of living 
oi'ganism, the motile reaction is much more likely to occur than 
I lie physiological readjustment, i.e., acclimatization. The data 
presented in this paper and the one preceding (Wells Toa) as well 
as that by Shelford and Allee (M3) and Shclford and Powers 
(M5) show that fishes will react to environmental factors in a 
way that will tend to remove them from detrimental conditions, 
long before the adjustment becomes a matter of life and death. 
Thus we find the salmon leaving the fresh water for the ocean, 
when, as will be pointed out later, it has been shown (Day ^87) 
that remaining in the fresh water for the entire life cycle would not 
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j'esult fatally either to the individual t)r to the speeies. 'i'lu' 
mechanism, therefore, which is working: to j)res(a-v{‘ tiu' life of 
the organism is so delicate that it protluces beneticial reactions 
u])on the part of the animal far in advance of lih' and dealh com- 
plications. The working of this mechanism is imdoulitedly 
closely correlated with quantitative and perlmps (jualitative 
changes in metabolism. These clianges in metalxilism will 
have a direct delation to the amount of ('(h given off by th(‘ 
organism. 

It has been shown that a slight incmise in th(‘ carixm dioxide 
content of an animars blood results in a markc'd incr(‘as(‘ in (lu* 
general irritability, and this increase in irritability would alom‘ 
result in an increase in the range and vigor of th(' movimamts 
made by the organism. Thus no factor other tlian increascMl 
tnetabolism need be hypothecated to account for tlu' slimulus 
which starts the breeding migration of so many animals! Tlie 
directive factors which result in the auimal’s coming into spcciel 
conditions for the breeding activities ai'c anotlier liuitb'r. Thes(‘ 
can be none other than the factors, physical and chemical, which 
are present in tiie environment. In the gemu-al mclaliolism of 
tishes, the stage of development of the sex organs plays an im- 
l)ortant role, and it is \'ery probable that the stat(' of metabolism 
in these organs furnishes the initial stimulus wliich caiis(‘s th<* 
animals to start upon the breeding migrations at a given period 
the life cycle. Treadwell (T5) points out that the eggs of 
the Atlantic palola give off an increasing amount of i as t luj 
swarming season approaches, and concludes that this indicates 
that there is probably an internal stimulus which is impoi'tant 
in producing the swarm. There can l)c little doul)t hut that 
such internal stimulus is acting; the important fact, however, is 
that it has been shown that such internal changes in th(‘ pliysio- 
logical state of the animal may result in very marked changes 
in the animars reactions to environmental factoi's. Alice (M2) 
lias shown that, in isopods, a high rate of metabolism is cor- 
related with a high percent of positive responses to current and 
tliat a lowering of the metabolic rate in the animals will diminish 
and even reverse the rheotactic reaction. 
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If we consider the different reactions of the salmon to current, 
acidity, and density, at different stages in the life cycle, begin- 
ning with the hatching of the egg we may proceed as follows. 
It is a well established fact (Loeb M3) that in the fertilized egg 
and newly hatched fry, the rate of oxidation is high, and it seems 
tf) be clear (Wells M3) that from this time on, up to sexual maturity 
the rat(^ runs down. That is, the rate varies inversely with the 
age of the fish. Salmon eggs hatched in fresh wsHer must develop 
into fry which are able to live in slightly acid water, of relatively 
lovr density, and the fishes must also be positive to current or 
they will be swept from the stream. This we find is true and 
thus ability to live in fresh water is correlated at this time with 
a high metabolic rate. As time goes by, however, the rate 
of reaction becomes gradually lower until wo find the fishes either 
becoming actively negative, or at least indifferent to current, 
and they are swept or swim into the ocean. They now live for 
som(' time in the alkaline water of the ocean, and are able to 
withstand its much higher density. The equilibrium between 
the environment and the organism is again disturbed after a 
t ime, however, and we find the fishes once more selecting the fresh 
water at another ])erior.l of high metabolic rate, i.e., with the ma- 
turing of tlie sex glands. From tliis it would seem entirely 
])Ossible that fishes which are normally fresh water forms might 
he temporarily transformed into salt water forms by Regulating, 
that is lowering, the rate of metabolism. 

"With I'egard to the selection of the tvater of%reater or lesser 
density, the daUi presented in this paper offer an ii|beresting 
possibility. It has ’been shown that fresh water fishes .whose 
metabolic rate has been lowered by starvation, 'v\fill select a 
notably liigher concentration of CaCh in the gradient than will 
normal fishes. Also older fishes select a higher conc^tration 
than do younger ones. Thus a lowering of the metabolism causes 
the fishes to choose a medium with higher specific gravity than 
that normally chosen. It will be remembered furthermore .that 
a stay of a little less than a week in 0.01 N C'aCh solution caused 
a fish that was nor madly negative to this concentration in a 
gradient, to become positive. Upon' being returned to the ta]:* 
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water the reaction was again reversed and tlie fish became 
negative once more. 

Acclimatization of fishes to salts must certainly be concerned 
with internal adjustments, for Sumner ('07) lias shown that 
the specific gravity of fishes' blood is altered when they are 
changed from fresh to sca-water, and vice versa. An alteration 
in the density of the blood seems then to result in a reversal in 
the reactions 4 the organism to density in the environmcait. 
Clreen (W) has shown that changes in the specific gravity of 
the blood of the salmon occur at the time the fishes are entering 
the fresh water; the blood gradually acquires a density that 
averages 17.6 per cent less than that of saliuoii in sea- water 
(I.C., p. 454). Jones ('87) has proved that age, exercise, sexual 
maturity, pregnancy, food, etc., have a measurable influeuco 
upon the density of the blood of man, and vSumuor (;()7) states 
that there are seasonable differences displayed by fishes, in the 
osmotic phenomena through their gills. It may be that the 
specific gravity of the blood of anadromoiis fishes at different 
stages in the life cycle, can bo used as an index to the physiological 
changes that are going on in the organism. Also the effect upon 
the organism of a higher CO 2 production within the tissues must 
^'ary with the density of the blood and would probably he more 
marked when the blood is less dense. 

An investigation of the changes in the density of the blood of 
the salmJt could perhaps best be l)egun witli the fry in the 
fresh w^ater stre^ns. As the fishes remain for 2 3 Tars or even J 
in the fr|sh water before leaving for the ocean, a thorough study 
of the relative densities of the blood and the fresh water could 
be made in this period. That the instinct whicli causes these 
fishes finally to reject the fresh water for that of the sea, is backed 
j)y some very strong stimulus is indicated b^^ da,ta given by Day 
('87). bay speaks of an experiment which was carried on by 
Maitland in 1880. Eggs of salmon were hatched in fresh water, 
and the young salmon were placed in ponds shut off from the 
sea. These fishes ate well and grew vigorously until they were 
about years old. At this stage in the life history, the indi- 
viduals are known as ^smolts' and it is at the smelt stage that they 
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leave the fresh water. In October, 1883, one of the fishes jumped 
out of the pond onto the bank. By the end of November, several 
had jumped out onto the bank and died there (they usually 
jumped during the night or early morning). In the following 
May, 10 of the fishes were found dead on the bank. Then the 
following October fl884) they commenced constantly jumping 
out of the pond and meeting with fatal injuries. It was ob- 
served that the fishes did not feed at this latter date; this failure 
to take food is characteristic of salmon entering fresh water to 
breed . 

Kxaiuination of the fishes which had jumped out of the pond 
showed that all wei'e approaching maturity and in the later 
cases, the eggs and sperm were ripe. An attempt was made to 
fertilize the eggs with the sperm, with good success. Day states 
that this second generation was normal and vigorous up to 20 
months and concluded that it was definitely proved that a so- 
journ in salt water is not necessarily for the development of 
the sexual pi'oducts. If this is true, the migration of the salmon 
into the salt water, and back again, is all the more curious. There 
would be ach'antages and disadvantages to such behavior but 
the above data prove that the fishes are reacting to the environ- 
ment in a way that is not immediately essential though the 
stimulus seems to be a very strong one. A study of the behavior 
of these fishes in salt, acid and alkali gradients at different stages 
in theii- life history, would undoubtedly prove very suggestive 
and such a study correlated with physiological investigations of 
the fishes at similar stages will without doubt solve the question 
of the movements of anadromous fishes. 

VI. (IKXEKAL COXCUJSIONS 

1. Fresh water fishes I’ecognize and react to the presence of 
salts in solution. The reaction is one which tends to bring them 
into their optimum salt concentration. 

2. Fresh water fishes (and probably marine fishes also, Shcl- 
ford and Powers ’15) are not as sensitive to salt ions as they are 



liEA('TIO\S OF FISHKS TO SALTS 


281 


to hydrogen and hydroxyl ions. The reactions to either the ions 
of salts or acids are complicated hy the presence of the ions of 
the other. 

3. Fresh watei- fishes i-(‘act to (M)nibinations of antagonistic 
salts or to an antagonistic salt and acid, in a way that tends to 
bring them into a region of optiinuin stimulation. The {)he- 
iiomena of antagonism are thus indicated In the behavior as well 
as the resistance of organisms. 

4. Starvation causes certain fislus (e,g.. Ambloplites nii)eslns, 
rock bass) to select higher concent I'at ions of salt than those 
norinally selected. Othei- lishes (Ameiurus melas, bull-head) 
when starv^ed, select lower cf)ncent rations than normally. Over- 
feeding causes bull-heads to sc^lect higher eoncentrations, than 
those normally chosen. 

5. Rock bass and biill-h(‘ads wlu(‘h are noi’inally negative to 
( aT'b 0.01 N solution, become jiositivc after l)eing kept in this 
concentration for about a week, Tliey Ix'couh^ negative again 
when returned to tap watei’ foi- 24 houi-s. 

(]. The migrations of anadromdiis fishes ar<' probably (corre- 
lated with rhythmic changes in metabolism. These alterations 
in metabolic activity are IaTgc4\' the result of internal elianges 
such as occur with the ripening of the sexual products. 

I am indebtedirto ITof. \'. K. Sli(>lford for ])rop()sing this ])i“ol)- 
lein and for many suggestions diii-ing the woi’k. I am also under 
obligation to Mr. Karl A. (dark of the Chemistry Department 
for helpful criticisms and for the loan ol apparatus. 
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IXTHOniC'l'IOX 

Two of the critical stages in life of the pliylioxt'rans ol‘ 
the hickories ha\T already been shown to be intimately comnaHed 
with changes in the eytological relatitnis of the clir()mosoines. 
One of these stages involves the formation of but a single elass 
of spermatozoa, that corresponds to tln^ fenmle-prodncing class 
of other insects. This fact explains why tlu‘ fertiliztal (‘gg gives 
rise to females only. The second critical stage involves the 
elimination of chromosomes from the small eggs that ai'e to b(^- 
come males. This fact explains how the male comes to have 
fewer chromosomes than the female, and brings hi?n into line 
with other Hemipteraj in Avhich a similar relation holds. 

There is a third stage that might also be looked upon as a 
critical stage; namely ^ the stage at which the polar body is given 
off from the egg of the stem-mother; because in 1\ caryaecaulis 
after that event all of the offspring from on^ stonnmother an* 
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known to produce large eggs, and all of the offspring of other 
stem -mothers to produce small eggs. It follows j for this species, 
eithei’ that there must be two kinds of stem-mothers, or else that 
some external factor must determine that one kind of stem-mother 
pinduces daughters all of which contain large eggs, and pother 
kind of stem-mother produces daughters all of which contain 
small eggs. If such effects are produced by the environment 
they must be wrought before the mother is mature, because all 
the daughters of a single female are alike in regard to the size of 
the eggs that they carry. On the other hand in P. fallax some 
of the offspring of one stem-mother contain larg<i eggs while other 
offspring of the same mother contain small eggs. In this species 
there must be only one kind of stem-mother, and either external 
conditions, or some difference that arises when the polar body 
of the stern-mother’s egg is extruded, must determine whether a 
given egg becomes a large egg carrier or a small egg carrier. 

In either case it became necessary to find out what occurs 
when the polar bodies of the egg laid by the stem-mother are 
given off before any further advance in the analysis was possible. 

During the last two years I have studied ^hese stages, and I 
am now in position to give the complete history of the chromo- 
somal cycle. And I can now also give certain additional facts 
connected with the chromosomes at the time of extrusion of the 
polar body of the male egg of P. fallax. This new evidence 
makes possible the interpretation of the entire life cycle of th^ 
phylloxerans ; an interpretation that has a wider interest and 
application than relates to the life cycle of this group alone. 

Before taking up the history of i;he chromosomes, I may re- 
call the salient features in the life cycle of the two, species that 
are to be considered. 

The life cycle of P. caryaecaulis is shown in figure 92 in my 
book on Heredity and >Sex." The stem-mother that hatches in 
the early spring produces a gall on the leaf of the hickory. As 
soon as she is mature she begins to deposit her eggs within the 
gall. From these eggs winged daughters hatch; all those in one 
gall contain large eggs, all those in another gall contain small 
eggs. The winged forms leave the galls and deposit their eggs 
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on the under surface of the leaves of the hickory where tliey 
hatch within a few days. From the large eggs emerge sexual 
females, eg-ch of which carries a single egg. From the small eggs, 
males emerge that are sexually mature at birth. Copulation 
ensues^ the sexual eggs are laid on the stem of the tree. From 
these fertilisied eggs the stem-mother hatches in the following 
spring. 

The life cycle of P. fallax is as follows: As soon as the st fan- 
mother is mature she begins to deposit her eggs within tlu‘ g:dl. 
These eggs give fise in this si)ecies to wingless daughters (a hnv 
winged daughtenB are also sometimes produced). Whothei- the 
daughters m a particular gall are of two kinds, i.o., some contain- 
ing only large eggs and others only small eggs, is not known, hui 
both kinds of eggs are found in each gall. The large eggs, laid 
within the gall, give rise to sexual females. The small eggs, also 
laid within the gall, produce males. The sexual forms that hatch 
from the eggs crawl out of the gall (whether before or aftca* mating 
is not known), and the single sexual egg tliat each femah‘ (‘ai-rit's 
is deposited on the tree. 

*THE STEM-M()'ri!fJ{'S ECdS 

As soon as the galls on the young leaves begin to enlarge in 
the early spring the stem-motlier. one in (xich g;dl, begins to lay 
her eggs. If the eggs and emljryos contained in the gall an' col- 
lected and preserved, there is a chance that the last laid egg may 
be forming its polar body and there is the further possibility that 
one or more of these may be caught in the auaphasc. A \v\y 
large number of eggs had to be cut into sections before the d('- 
sired stages wore found. One wonders in fact that any eggs ;tr(‘ 
actually obtained in this phase of division. In all 1 have recDids 
of six anaphases that give the desired information. 

The initial question is whether there exists a ‘lagging' cOuo- 
niosome at this time that might indicate the eliminatioii Irom 
some of the eggs of a whole chrojnosojiie. A more (*ertaiu d(‘- 
termination would be the count (d the chromosomes i]\ the two 
anaphase plates; but only an extram’dinarily favorable case 
would allow of tliis being done. ^Moreover, sev(‘nd such counts 
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would have to be tnade iu order that the results be significant, 
for only half of the eggs at most might be expected to show 
such a cln’omosomo reduction. I think, however, that the pres- 
(Hiee or absence of the lagging chromosome would make the 
conclusion reasonably certain. I wish to express here ,my in- 
debtedness to Miss Edith M. ^^^allace who has searched through 
th(’ material and picked out the critical stages. The drawings 
an' also due to her skill. 

Thei'e are shown in plate 1, figures a to/, six anaphase stages of 
tlie polar spindle of the egg of P. fallax and in* plate 1, figure m, 
one anaphase stage of the egg of P, caryaecaulis. In none of 
the>e stages is there any evidence of a lagging chromosome, and 
since these stages range from a A ery early anaphase {a) to the 
final stages when the daughter nuclei are reconstructing, there 
is a strong prcsimiption for the view that no such lagging chro- 
mosome occurs. This conclusion tallies, moreover, with the es- 
timated chromosome number. Fo]’ instance, it was known that 
in W fallax there are 12 chromosomes in the equatorial plate of 
the stem-mother’s egg, and this same num]>er is characteristic 
•of the somatic cells of the embryo that arises from the egg. If 
]i{) mislake on the latter counts have been made (the somatic 
chi’omosomes arc elongated, and, therefore, more difficult to 
count) there could have ])een no loss of chromosomes iu the 
polar Ijody. In the other species, however, where only six of 
tlie eight chromosomes are apparent in most stages, it might 
imagined that loss of one of the attached chromosomes in the 
])()lar body, v.'hile not affecting the visible count, might so alter 
the internal relations as to furnish a new point of departure. 
It would not be profitable here to take up at length the possi- 
bilities invohTd in such a supposition. I have examined them 
with some care, and have not found that they would furnish any 
satisfactory solution. On the other hand, the evidence for P. 
fallax is so clear, and the similarity in the two ty])es in all essen- 
tial points is so evident, that I think we may accept this evidence 
from P. fallax as strongl}' in fa\ or of the view that all of the chro- 
mosomes divide when the single polar body is gi\Tii off from the 
egg of the stem-mother. 
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thf: polar .spindlk of tbk mark i:o(i oi- I’in ij.oxfra faflax 

In my earlier work I did not olRain any aaaphax' ^^taj^es of tlio 
polar spindle of the male-producing eg^ of this sp{H*i{^s: althou{ 2 :h 
a number of equatorial plates were obiained and lijiured. P’or 
certain reasons, that need not now l)(‘ givcai. it Ixa’ame evidejit 
that this stage in this species should give an answer to certain 
([ucstions and a long search foi- aiiapliasi^ tigures was hegnn. In 
P. fallax the eggs are laid one after the otlier hv (\u‘h female. 
Hence not more than a few eggs in tlu^ d('sir(Ml stage could ])os- 
sibly occur in a single gall, which renders tlio ehanee of {hiding 
such a stage very small indeed. Xiw'ertheless. one (‘xeidliait ana- 
phase was found by Miss Wallace, and is drawn luuv in idate 1, 
figure g. As shown in the figure, there ari' two lagging hodii's in 
the middle of the spindle that aie couspiiaious by tlnhr large 
.size. At the inner pole there a])pear to hi' ten chromosomes, 
at the outer pole eight or nine ehromosonu^s. 

The equatorial plate from which this tigiire diAclopial must 
have contained twelve ehroinosomes, since tliis iiumlier of eliro- 
inosomes has always been found ju-esent in such a plate. (M 
these, eight .were autosomes and havi' di\'ided. so that eight 
daughter chromosomes go out into the polar body and eight re- 
main in the egg. The four sex cliTomosoines. that are pn*- 
suma'bly paired at this time remain to he aca-ouuted for. If the 
two bodies seen in the middle of the spiral I ai‘{‘ two whole X 
i?hromosomcs,then there canbebiit eight in tlu' outer plate(which 
becomes the polar nucleus). There will h(‘ ten (*hromosomes at. 
the inner pole of the polar spindle. But il tin" two lagging cliro- 
mosomes retiresent a single X chi'omosom(\ pi‘ (‘oeiousH split \n 
two, there will be nine chromosomes in the outi'r plati' (which be- 
comes the nucleus of the polar body), d hen* will Ix' as before 
ten chromowsomes at the inner ix)le ol tlu' spindle. I ntoitu- 
nately it is not possible to detcrmiinx with certainty, whether 
there are eight or nine chromosomes in the outer plate. I au^ 
inclined, nevertheless, to adopt the former interpi’etation as the 
more probable, because of the evidence from B. caryaecaiilis 
that beiars on the same point. It wall he oliseiwed that the end 
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result is the same whether the lagging bodies represent two X 
chroinosomes, or one X chromosome precociously split, for on either 
view eight (half) autosoynes and two whole chroynosomes {X) pass 
out of the egg, leaving eight half auiosomes and hvo whole (X) 
chromosomes within the egg. 

The polar bodies of three other male-producing eggs are also 
shown in plate 1, figures h, i, j. These show one or two dark 
staining granules outside of the nucleus of the polar body, which 
I interpret as the remains of the lagging chromosome. In this 
respect they l)eha\'e in the same way as do the lagging chromo- 
somes in V. caryaecaulis which also fail to enter the nucleus of 
the polar body. A fourth drawing, figure k, represents a late 
stage in })ody formation in which twelve chromosomes are 
distinctly counted in the inner nucleus of the polar spindle. The 
outer nucleus is only partly present in this section, and the rest 
of it could not Ije found in the neighboring sections. This egg 
must have been a female-producing egg in which there is no 
lagging chromosome, and in which there are twelve chromosomes 
at the inner pole. 

Bringing these facts into relation to those already made out, 
we call construct the chromosome cycle of P. fallax, and with 
this as a clue make clear the similar cycle of P. car^^aecaulis. 

TH1-: CllROMOSOMK CVCI.E OF PnYt.LOXFRA FALLAX 

The main phases in the cycle are as follows : 

1. There is a single kind of stem-mother in this sj)ecies whose 
eggs contain twoh^^ chromosomes that dhdde when the single 
polar body is given off, so that tiveh’e chromosomes i)ass out 
and twelve' remain in the egg (plate 1, a to f). 

2. These eggs develop into wingless females that produce 
large and small eggs, but whether the same female produces large 
and small ^gs could not be determined, l^oth kinds of eggs 
are found within the same gall, and therefore come from daiigh- 
1:cTs of one original stem-mother. 

3. The lai'ge egg -the so-called female-producing egg— gives 
off one polar body ( all the chromosomes dividing at this time 
(plate 1, k). This egg develops into the sexual female. The 
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small egg also gives off only one polar body (plate I, g, h, i, j). 
At this time the four sex chromosomes conjugate, so that two 
whole chromosomes pass out into the polar body, as lagging 
chromosomes, and two remain in the egg while all the other 
chromosomes divide. The male that develops from this egg 
has ten chromosomes. 

4. The sexual female produces but one egg, the reduetiou in 
the number of chromosomes taking place at tliis time (plate 1, 
Q. Presumably two polar bodies a.|e given off, lea^ung six chro- 
mosomes in the egg. 

5. In this species the male has ten chromosomes, two of which 
are X chromosomes. During the first spermatocyte division 
those two chromosomes pass into tlie functional cell, so that all 
the functional sperm come to have six chromosomes. 

6. When these sperm fertilize the sexual egg the total number 
of chromosomes is again brought back to tw(4ve. 

THE CHROMOSO^fK CYCLE OK PIIVLI.OXKKA C ARVAK('AIUJS 

The main relations of the chromosomes in this cycle are illus- 
trated in diagram 1. There are tour ordinary chromosomes or 
autosomes (colored black) and four sex chronuisomes (reju’c- 
sented by open circles). Two of the sex chromosomes are as 
large as the autosomes and two are much smallei-. The latter 
are in most stages loosely united ip tlie larger sex chromosomes, 
one to each. One of the small chromosomes is marked by two 
cross lines in order to distinguish it from the otlier one. I luua' 
marked it in this way because, as will be shown, an imi^ortant 
fact in the life cycle of this species can be accounted for, if one 
of the twm small sex chromosomes is different from its mate. 
To the left in the diagram tlie line (;ulminates in tlie sexual egg. 
As seen to the right, the line derived from another Iteni-motlier 
(the one that contains the marked X) leads to two kinds of 
males, each of which produces its particular class of spermatozoa, • 
one kind containing the open x and the other kind the marked x. 

If we first follow down the female line to the left, we see that 
the egg laid by the stem-mother contains eight chromosomes. 

tub jgURXAL 01 EXPERIMKMAL ZOOLOGV, VOL. 10 , NO. -i 
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Diagram 1 Illustrates the chromosomal cycle of Phylloxera caryaecaulis: 
to the left is shown the line that culminates in the sexual female; to the right is 
shown the line that ciilmina'tes in the males ; this fine splits into two subdivisions 
after the extrusion of the polar bod>^ in the inale-prodiTcing egg. 
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^\llen the polar body is thrown off all of the cln-oiuosonK’s divide. 
The migrant that develops from this egg comes to produce large 
eggs with the full complement of chromosomes in them. All of 
the chromosomes divide when the polar body is ])roduced by this 
egg (plate 1, fig. n). The egg itself then develops into the sexual 
female that comes to produce a single egg. When this egg is 
ripe the chromosomes have united in pairs, of wliich tluu'e an* 
three. In reality one of these pairs must be thought of as made 
up of the two large sex chromosomps and the two small chromo- 
somes attached to them. 

If we next turn to the line represented on the right oi the hia- 
^■ram we see that the stem-mother contains the same group of 
chromosomes as in the other case (one of the small sex chromo- 
somes is marked). All of the chnmiosomes divide when the 
polar body of the egg of the stem-molhei' is given off. The (*gg 
gives rise to the migrant that comes to produce the,^small eggs. 
When the polar body is about to be pi-odiiced in tht*se small 
eggs (or before that event) a shifting of the sex chromos^anes 
takes place, so that the two large X's coiiu; together as do the 
two small ones, the latter leaving their former loose attachment 
to the large chromosomes in order to combin(\ AMuai the polar 
body is given off the four autosomes divid(\, wliile the conjugai(‘d 
])airs of sex chromosomes separate; a mem])er of tlie larger ])air 
lags on the spindle and is precociously split leiigthwisi*, whih^ 
the small pair separate and tlie outcu* imunbcr does not lag on 
the spindle (plate 1, fig. o). It will lu* seen that two kinds of 
eggs should result according to whether the marked eliromosome 
passes out into the polar })ody, or remains in the ('gg. If it 
passes out, the male that results will give rise, as shown m the 
figure, ,to female producing spermatozoa that contain Mu* open 
X. If we suppose the sexual egg is fertilized by this kmd of 
spermatozoan, th^ stem-mother that results will gi\c lisc 
female line (to the left). If we suppose that tlie other kind ol 
sperm-the one with the marked x-fertilizes a sexual egg, a 
stem-mother will be produced that leads to the male line .to t c 
right). The assumption that there are two kinds of males is 
not entirely hypothetical; for, in my former paper 1 iiomtcd out 
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that two kinds of males are found that differ from each other in 
the relation of the small x to the large X chromosome — in one 
kind of male the two remain in contact, in the other the two keep 
apart. And I pointed out that all of the spermatocyte cells of 
a given individual show one or all show the other relation. This 
is in accord with the assumption of two kinds of males that arise 
when the polar body is eliminated. 

^n some of the preparations showing anaphase figures in 
this species, one of which is redrawn here in plate 1, figure o, 
the two lagging chromosomes appear unequal in size. ' In other 
figures, however, (figs. 5, 6, 21, of my 1912 paper) the two lag- 
ging chromosomes appear to be equal or subequal. For this 
reason I stated (’12) that the two equal chromosomes represent 
one large sex chromosome divided into halves. On this view the 
conjugating pair of small x’s have been separated and moved to 
their respective poles while only the large X lags as it passes to 
the outer pole. 

It will be noticed that superficially the number of chromo- 
somes in P. fallax is double that in P. caiyaecaulis. This sug- 
gests that the group in P. fallax represents the double number 
of chromosomes of caryaccaulis (tctraploid) , or that caryaecaulis 
is P. fallax halved.. But if the full number of chromosomes in 
P. caryaecaulis is looked upon as eight, this relation does not 
hold, unless one supposes that there are four small chromosomes 
present also in P. fallax (giving sixteen in all) that are attached 
permanently to other chromosomes. From this point of view the 
chromosomes of the one species would be double the number of 
the other and P. fallax would become XX and XY, while P. 
caryaecaulis would become X and Y. In other words the small 
chromosomes would no longer be reckoned as factors in the sex 
scheme. I have preferred, however, the interpretation given in 
the diagram because the two small chromosome conjugate in the 
male egg when the large sex chromosomes conjugate; and, again, 
because one of them lags in the first spcmatocyte division along 
With the lagging X. But the latter relations may be only a con- 
sequence of tlie first, and be due to the absence of a mate at this 
time. Still, since it goes into the female-producing sperm, and 
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not indifferently to either pole, this would seem the more natural 
designation. Without wishing, therefore, to lay too much stress 
on the nomenclature, it seems to me that the one I have followed 
represents more naturally the facts as described in the text. 

SEX RATIOS IX PHYLLOXERA l-WLLAX 

Since the galls in this species do not open to release the sexufel 
forms until a considerable number of them ha\’o hatched, and 
since all of the inhabitants (except for rare cases) are the de- 
scendents of a single female it is possible to get a fairly good 
sample of the output of each stem-mother. In order to antici- 
pate a possible objection, viz., that two or more stem-mot liers 
might be included within the same gall, I opened a num])er of 
very young galls and found, with the rarest exceptions, that each 
gall is the result of the activity of a single female. Wo are safe 
in concluding, therefore, that the contents of each galfts the pro- 
duct of a single stem-mother. But whether her daughters, the 
apterous ^migrants,' are individually small-egg-producers or large- 
egg-producers can not be determined; because, in this species, 
the apterous hnigrants’ deposit each egg as it matures. Since 
eggs that are not quite mature look like small eggs tlu^y can not 
be distinguished from them. Only by finding a gall in which a 
single apterous hnigrant’ was present that had laid both kinds 
of eggs would it be possible to settle this (luestion. 1 have al- 
ready reported that occasionally the migrants are winged, and 
that when this occurs each individual contains eggs that were 
all of one sort, namely, small eggs in this instance, but this does 
not settle the other question, however probable it may appear, 
that each individual of this generation produces only one sort 
of egg. 

In the following, table the counts from 20 galls (July 11) are 
given. Those with the same letter come from the same leah 
The galls were old and ready to open. The old apterous ‘mi- 
grants’ were still present, but empty, as though they had about 
finished their productive life. There were present as many eggs 
unhatohed as hatched; only the latter appear in the record, or 
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rather the individuals that hatched from them. In some of 
the galls the dwarf forms recorded in my former paper were also 
found. 

Except in a few cases the females were in excess of tfie males. 
If galls are opened, when the first sexual forms have begun to 
hatch, males (one, two, or three, etc.) will be found. This means, 


TABLE 1. 
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no doubt, that males hatch first, or possibly that the first eggs 
produced are males. Since later more females than males are 
present, it follows that more female-producing than male-pro- 
ducing eggs are laid. The most striking departure from the 
ordinary ratios is that in the first count in WW where there 
were 7 males to 51 females. 
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Galls of the same size on the same leaf must liax e been sub- 
jected to as nearly uniform conditions as ])ossible, but tlu' counts 
from the same leaf are not strikingly at hnist more like each 
other than they are like other counts from other letna's. 

It is idle perhaps to speculate as to the factors that ])i’(alot er- 
mine whether a given egg shall be a large or a small one especially 
as this may depend, as in the other species, not on the conditions 
that affect the migrant, but on the coiulitioiis that deb'rmiu^d 
the nature of the migrant herself. The recent work of AMutmw 
and of Shull shows that very slight differences in tin' environment 
turn the scale in sex predetermination. Differences like thosi' 
described by them might accompany tlie differences in food (‘on- 
ditions of the leaf during the day when starch is l)(ung madt* and 
during the night when starch is being ooTivorted into sugar. If, 
perchance, such environmental chai'.ges affect tlie stcm-motlua’. 
the differences as to output shown by the galls, might ai*is(‘, 

THE SPERMATOGEXESTS OE THE HIOAlHiEKH V AlMlll) 

Stevens and von Baehr have descril)cd very (‘ompletely tlu^ 
spematogenesis of several species of aphids. 1 luivo also studied 
at different times a number of species but as they gav(' nothing 
new I have not published the results, exc(‘pt for one very bih'f 
account (Jour. Exp. Zool. '09. pp. 29S 305). is oiu' 

species, however, which in clearness and simplicity excccfis all 
others that I have seen. I give here tliereforc aji accoimtoi 
some of the critical stages in its spermatogenesis and oogenesis. 
The data furnish, moreover, an occasioji to make certain com- 
■ parisoiis between the phylloxeran.s and the aphids. 

The species in question, Phyllaphis coweni ( 'ockerell, tonus galls 
on the bearberry. My material was found north of (iuissett, 
Mass,, near Woods Hole, where I have collected material foi’ 
four summers. I have found the galls on the l)eaj’i)crry during 
June, July and August. Each contains, as a rule, a single stem- 
mother — rarely two — and her progeny. As the gall gets oldei 
the progeny is seen to be made up of larger individuals with 
wing pads and in addition a series of immature forms, as well as 
a few males. The large individuals with wing pads contain sexual 
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eggs. As I have never found winged individuals within the galls 
the individuals must leave the galls when ready to expand their 
wings. The origin of the males puzzled me for some time until 
I discovered that the stem-mother produces them^ — at first spar- 
ingly, but later in larger numbers. The same stem-mother that 
contains the males also contains young sexual females. She also 
41 ) reduces at times both males and individuals that contain par- 
thenogenetic eggs and embryos with six chromosomes. 

Throughout July and August young galls can always be found 
at *thc growing ends of some of the branches. These galls con- 
tain young stem-mothers, and later some of their progeny. These 
younger stem-mothers may possibly come from the old stem- 
mothers, or from belated eggs of the previous year, or from sex- 
ual eggs of the same year in which they appear. A more de- 
tailed examination will be necessary to settle this point. 

The sexual eggs begin to pass through their synapsis stages 
while the young are still present in the stem-mother but even 
after the young arc born and after some of thp eggs have left 
the ovary, eggs at the outlet may show the chromatin contracted 
at one side. In the male the two reduction divisions may also 
take place while the young individual is still within the stem- 
mother, but other individuals do not contain these stages until 
after the young males ha'N^e been born. 

Entire individuals were preserved in Carnoy solution, the ab- 
domen cut into sections, and the sections stained in iron hsemo^ 
toxyhn. 

The early sperniatogonial cell contains five chromosomes (dia- 
gram 5 ). At a later stage I found what seems to be a contraction 
f’gure, plate 2, figures 1 and 2, when the chromatin is shrunken 
and lies at one side, but as there is nothing specific about this 
condition it is with some hesitation that I identify it as the 
synizosis stage. 

The early prophases, plate 2, figures 3, 4 and 5, are interest- 
ing. The three chromosomes are easily distinguished, even be- 
fore they shorten into rods. 

Miss Stevens has described a stage that she calls the synapsis 
stage; but from her figures it seems not improbable that she has 
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seen only the early prophases of the first division or possibly the 
stage between the first and second spermatocytes. 

The side view of the first spermatocyte dh’ision is shown in 
plate 2, figure 6. An equatorial plate is shown in plate 2, fig- 
ure 5, which gives the relative sizes of the three cliromosomes. 

Stages in the later first division, some of them duplicates of 
each other, are shown in figures 7 to 1 1 . The two autosomes di- * 
vide; the X chromosome is drawn out, and is usually dumb-bell- 
shaped. It. generally shows a well marked longitiulinal sjilit. 
The split is so distinct that the halves appear often like two 
parallel lagging chromosomes. Only in the latest stages of tlie 
division is it apparent that the whole X chromosome invsses into 
the larger of the two cells. As in other aphids, the X chromo- 
somes are, during this division, often constricted near the middle, 
which in some species is sometimes carried so far tl)at the two 
enlarged ends are connected by a mere strand. It is this a])- 
pearance that has led Miss Stevens in her earlier work to iider 
that the X chroinosomes were really divided at tliis time. Jn 
the aphid of the bearberry the constriction ap])ears at first at 
the middle of the chromosome. It seems later to pass inore and 
more towards one end, until ultimately, as shown in ligiircs 11 
and 13, a small piece only is left at one end, which in most cases 
is later drawn into the thread; although once or twicn I have 
found cases, as in figure 12, in which this terminal ])iecc a])pears 
tq have broken away from the strand connectiiig it with the 
rest. 

The difference in size of the two cells varies greatly in the 
earlier phases, as the figures sho\v. But ultimately iieaily all 
of the protoplasm passes into one cell, the one tliat contains the 
X chromosome. The small cell is left with two chromosomes 
and a small amount of cytoplasm. It never divides again, and 
later degenerates. Stevens was inclined to think tliat the small 
cell may sometimes show a division figure, \vhich subsequently 
fades away, but I have never seen a case of 4his kind. The two 
autosomes in the functional cell begin to lose their condensed 
condition and spread out into loose masses, as shown in figures 
16 and 17. The X chromosome is later in passing into this con- 
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dition, but does so boforo condensation sets in again, prepara- 
toiy to the next division. In one case, figure 15, the X chro- 
mosome failed to draw out of the smaller cell, and one end only 
lies within the nucleus of the larger cell. This end has begun to 
open out as the other chromosomes have already done. The 
condition of the other cells in the cyst makes this interpretation 
, probable. 

During the resting stage, the X chromosome becomes con- 
densed, as shown in plate 2, figures 14, 15, 16, 17, The chromo- 
somes in the larger cells next begin to condense, preparatory to 
the second division. The X chromosome is distinctly larger 
than the other two; all three divide equally to form the sperma- 
tids (plate 2, figs. IS, 19, 20). 

The double nature of the X chromosome in the first spermato- 
cyte division is so apparent that it invites speculation concern- 
ing the nature of the division. Presumably the second divison 
occurs in the plane of the split, but it is impossible to follow this 
chromosome through its resting stage. Similar cases for the 
single X chromosome are known, and I can but follow the usual 
interpretation, \dz. that we arc dealing with a precocious divi- 
sion. The tetrad formation that occurs in such forms as Asca- 
ris is interpreted as a double division, one of which is precocious. 
The ra])idity with which the two reduction divisions take place, 
often without an intervening resting stage, indicates that each 
of the chromosomes, even though mated in pairs, has undej- 
goixe the preparatory stages of division. Hence two divisions 
are necessaiy to separate the four elements. But if this were 
the whole of the matter it is not apparent why, in a case like this 
one, the halves of the X chromosome do not separate from each 
other at the fii’st division. It is perhaps little more than an 
evasion of the difilculty to suggest that the divisions in the .X 
chromosome are not sufficiently advanced, when overtaken by 
the first division, 

Janssens has proposed a view of the necessity of the two re- 
duction divisions, based on his observations of the chiasma type. 
His studies of Batracoseps have shown that two of the four 
threads of th(' tetrad sometimes break and reunite so that two 
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new threads are made uj) of parts of eacli of the two original 
threads. Under such circumstances a single maturation divi- 
sion would often produce a dyad in which the two threads are 
genetically unlike. Janssens assumes that this is repugnant to 
the scheme of reduction, whose jiurpose is to give rise to a 
gamete with a single set of units (gens). This solution of the 
problem rests on the supposed necessity of pure gametes, and* 
this in turn could be more directly acconpilished, it would seem, 
if the conjugating chromosomes separated without interchauging 
parts, as they do, in fact, in the male of Drosophila, (iranting, 
however, that ‘crossing over’ does occur as a. nc(‘essity of the 
physical conditions prevailing at this time, Janssens’ hy])otliesis 
might appear to furnish a solution, if at the same time the rie- 
cessity for pure gametes could be shown essential to develo]>ment. 
Obviously, however, the act of conjugation is a capital arrange- 
ment to give the ;iygote a heterozygous make-iii), and why a 
(quadruple set of gens instead of a double one would be a disad- 
vantage is not self-evident. 

A TETK APLO T D C: YHT I N T UK W lOA R H i: H U V A PH 1 1 ) 

In a male of the bearberry aphid one cyst was found in which 
all the cells have the double number of chromosomes including 
the sex chromosomes. The (^ysi is in the first spermatocyte 
stage. Since the other cells in the same testis and in tlu' testis 
o*f the other side are normal the tetraploid condition must have 
arisen from a spermatogouial cell whose chromosomes hut. not 
the cytoplasm divided. The other possibility, namely, that the 
four autosomes failed to conjugate, would not account lor th(‘ 
presence of two X chromosomes, nor exjdain the doubling in all 
the ceils of the cyst, because conjugation occurs long alter the 
cells of a cyst have become separated. The former interpreta- 
tion is therefore to be preferred. The cells in this cyst, ot which 
a few are shown in plate 2, figures 21-30, are completing, .)r else 
have completed, the first spermatocyte division. Taking the 

figures in order, we see in fgure 21 four autosomes at each pole 

only three show in the larger cell -and two X’s extending from 
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one nascent nucleus to the other. Practically the same rela- 
tions are shown in figure 22, where however, the two X’s appear 
to be passing into the larger cell. In figure 23 the two X^s stand 
end to end as is also the case in figures 24 and 25. It is not pos- 
sible to determine into which cell they might have passed — ^pre- 
sumably, however, one to each cell. In figure 26 this result 
seems to have been attained, since each cell contained four auto- 
somes, and one X. In figures 27, 28, 29 and 30, the division 
having been accomplished, only the larger cell is shown. In 
each case there are two X chromosomes and four autosomes in 
the cell. 

There are some questions here of theoretical interest. The 
autosomes appear to have acted as pairs, if one may judge by 
the equal distribution to the daughter cells, which seems to have 
taken place in many cases, although it can not be established for 
all cases. As there are four autosomes of each kind their copu- 
lation in pairs does not seem unexpected. The behavior of the 
X chromosomes is unique. In some cases they have passed to 
opposite poles and in this sense have acted as a pair, but iti most 
cases they have passed into the larger cell. The first spermato- 
cyte division in phylloxerans and aphids is of such a kind, that 
the X chromosome passes into a particular cell, i.e.,, it does not 
pass indifferently to either pole. But as a matter of fact we do 
not know whether the larger cell into which it passes is prede- 
termined (by some polar relations in the cell) and the X chromo- 
some follows this preexisting condition, or whether that cell be- 
comes the larger one, which happens at the time of division to 
contain more of the X chromosome (owing, let us say, to its ac- 
cidental excentric position). If one may judge from the appear- 
ance of the early stages of the first spermatocyte division, the 
former alternative may seem more plausible. If this be the cor- 
rect interpretation then the more usual case of the two X’s going 
to the same pole in the abnormal cyst would be due to their rela- 
tion to a particular pole of the dividing cell. The exceptional 
passage into the other cell would be due to one of them getting 
caught by the constriction, so that it was necessarily detained 
in the smaller cell. But the more nearly equal sizes of the 
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cells iu the cases here figured, when an X passes to each pole, 
may seem rather to favor the other view, namely, that the size 
of the cell is determined by the chance direction taken by the X 
chromosome. 

If cells like these with duplex number of cliromosomes sliould 
produce functional spermatozoa, and one sucli spermatozoon 
should fertilize a normal egg, the number of somatic nuclei would 
become nine instead of six and the resulting female would luu’c 
three X chromosomes instead of two. In subsequent genera- 
tions the numbel’ of X’s might be further inciicased, if, iji fact, 
viable forms could be produced in this way. It tloes not seem 
probable, however, that a condition like that described ahov(‘ for 
the phylloxerans, in which four X's are present, could have* 
arisen through irregularities of this kind, because the chaiu'o that 
such a rare phenomenon could supplant the norinal type seems 
too small to make such a view possible. Htill, the possibility of a 
tetraploid organism, arising through failure of a spermatogonial 
or oogonial cytoplasmic division must be cojiceded, esptnaally in 
the light of the sudden appearance of tetraploidy in Primula 
and Oenothera. If it be assumed that some advantages, sucli 
as an increase in size, give the new type an advantage, then it 
might in time obtain an independent footing. 

A most striking and interesting relation is shown in this tcti-a- 
ploid cyst, namely, the chromosomes are only half as largo as 
those at the corresponding stage (jf tlie normal s])ermatocyt(^ 
stage, as seen in other cysts of the same testis, "i'his relatioji 
might be interpreted to mean either that the original mothci-(*(‘ll 
of the cyst, having divided (incompletely) onetime more than tlie 
other mother-cells of the other cysts, never made good the size 
loss of the chromosomes. If the growth of the chroiuo.^omes be 
directly related to the size of the cell that contains them, owing 
to the amount of substance available in such a cell, the smaller 
size of the chromosomes in the tetraploid cyst might find a rea- 
sonable explanation. Such a conclusion would indicate, that the 
stage reached by a cell at a particular phase is determined by 
the cytoplasm, rather than by the size of the cliromosomes. 
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THE OMLSSION OF SYNAPSIS IN THE PARTHENOGENETIC EGGS 
OF PHYLLOXERANS AND APHIDS 

As is well known, the full or diploid number of chromosomes is 
present in most eg;‘^s that develop by means of parthenogenesis. 
Whether the presence of the full number of chromosomes has in 
itself anything to do with the phenomenon of parthenogenesis 
may well be disputed, because in some forms, as in the male bee, 
the eggs develop without being fertilized with half the number of 
chromosomes and in artificial parthenogenesis the half number of 
chromosomes ocoiirs in some fonns, at least. In the phyllox- 
erans and aphids there is a loss of one or two chromosomes from 
the male-producing egg that develops by parthenogenesis. 

There is a further question that is important from a descriptive 
cytological point of view, namely, whether the parthenogenetic 
eggs omit tlie syna[:)sis stage and retain in consequence the full 
number of chromosomes, or whether they pass through such a 
stage and the cliromosomes subsequently separate. In phyllox- 
erans and aphids the case is quite clear^ and I wish to emphasize 
the ease and certainty with which the problem can be studied 
in them. 

In the bearberry aphid, the ovary that is producing sexual 
eggs (diagram 3) can with certainty be distinguished from the 
ovary that is going to )n'oduce parthenogenetic eggs (diagram 2). 
In tlie latter there is no contraction phase of the chromosomes. 
A prophase of an oogonial division of a parthenogenetic egg, is 
shown in diagram 2, a . Six chromosomes are distinctly seen and 
the same number is found in the equatorial plate stage shown in 
diagram 2, h. At the beginning of tlie growth period, when the 
chromosomes begin to take the stain again, scattered threads or 
strands can be made out, as shown in c, which by further con- 
traction, d, give rise finally to the six rod-like chromosomes. 
In later stages, when the egg is about ready to leave the ovary 
and after that time while it is still acquiring yolk, the six chromo- 
somes can be distinctly seen and easily counted, as shown by most 
of the eggs in diagram 2, e and /. In the ovary of the sexual in- 
dividual the chromatin begins to condense into threads at the 

’ Morgan, T. H. Froc. iSoc. Exp. Biol, and Med., vol. 7, 1910. 
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beginning of the growth period, as shown in diagram 3, a, />, r, 
and the threads later condense at one side of the nueleiis, as 
shown in d. No details of the process of union the chromo- 
somes, that must take place at this time, can with cei'tainty be 
made out. The figures are as accurately drawn as possible, luit 



Diagram 2 a, prophase of an oogonial division; h, jiielaphase of :m oogonial 
division with six chromosomes; c, young parthenogcnetic ovum just ])rior to the 
appearance of the chromosomal filaments shown in d, c, /, young ova for the 
most part in the lower end of the ovary or else jii.st out of tins ovary, showing 
six chromosomes whenever all of the cliromosoines arc' includc'd in the section. 


beyond the fact that the chromosomes are condensing, the in- 
terpretation of the details of the drawings is unsafe. When the 
chromosomes begin to emerge from the condensed stage, as seen 
in diagram 3, e, /, g, h, three clumps or rods, or sometimes open 
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rings, appear and in this condition they are canhal onto the 
jxilar spindle. 

In the beaibeii\ aphid, tlie stein-inotlier ])rodiiees nuiny male 
embryos as she gets older. Their ])resenee in the mother seiA c's 
as an index of the condition of her ovary at tliis tinun An ex- 
amination of her ovarian eggs at this time failed to show in the 
chromosomes any process suggestive of syna])sis, although no 
doubt the steps projiaratory to the elimination of the two sex 
chromosome must be taking place at this time. As only two 
chromosomes are involved it is (piite likely tlial ('ven if they 
went through a contraction ]diase independently of th(‘ rest of 
the chromosomes (if such were possible) it would be ditlicailt to 
recognize such a process. The negative evidence has no s])('cial 
value and is mentioned here only to show that the stagers wiae 
examined for evidence of syna])sis. 

In the phylloxerans the ovary of the stem-moth(a“ contimuvs 
throughout her life to produce a series of eggs that (hwchij) by 
})arthenogcnesis. All stages in the development of tluM'ggs can 
1)0 found in almost any female. Thei‘i‘ is m'ver in any of tluan 
the slightest evidence of a contraction |)has(\ and. since the eggs 
show exactly the same conditions as do tlie i)tu‘tlienogenetic eggs 
of the bearberry aphid, it will not b(‘ iieci'ssary to i‘('p{'at here 
what has already been said. The ovary of a young tVmah' that 
will later reproduce by pai'thenogenesis is rcpr(‘s(Mit(‘d in dia- 
gram 4. 

The migrant generation of the ])hylloxcra]is also produc(‘s (‘ggs 
that will develop by parthenogenesis. In P. caryaecaulis all of 
the eggs develop at nearly the same time, so that tlie conditions 
for the study of partlienogenetic stages are not so favonible as 
in P. fallax, where the wingless ‘migrants' pi-odiua* on(‘ egg at a 
time over a considerable period. In neitlna- s])ecies liave I seen 
any evidence of contraction, nor have I seen any otluu' evitkaua' 
of conjugation of the sex chromosomes, with the exception already 
noticed where two chromosomes of double siz(‘ were found in 
two eggs that would gi\e ]ise to male embryos later. Here, 
however, the nucleus was ripe and ready to take part in the for- 
mation of the polar spindle. The obser\’ation only shows that 


THE JOEHNAr. OF ZOUI.Of.V. \()E, ill, xi>. 0 



T. H. MORGAN 


:^()8 

tlie two pairs of (‘on,iuji;ate(i (*hromosonies liave already united 
before the spindle is formed. 

\'on Ihiehr descril)os for Aphis saliceti a synapsis stage in tlu' 
spermatogenesis in which the ehromosomes are contracted at oik 




I)iagi':un 4 of ovui'y of part lirnojii’iict ic fc'inala of f^ocoiMl gciK'ral inn. 

with lur^^c nutritivt' coil.s at ono end and small egg coils at the othor ond on th;' 
ovary . 

Diagram 5 SiKMinatogonial colls in propliaso stages to left and one (‘oll 
in iiiofafdiasc to right: all colls show five cdiroinosomos. 


side of the cell. As no further details that identify this stage 
were made out, one can not be certain that such figures repre- 
sent the true conjugation stage. T have studied the spermato- 
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genesis of several species of ai)hi(ls in tlie lL()]>e of getting better 
figures of this stage, hut have found none better than those given 
by von Baehr. In those species wheiv tlie formation of the 
sporiuatozoa is a continuous process in the testis of th(‘ :uiuli 
male it is possible to obtain in tlie same testis all stage's, from the 
dividing sperniatogouial cells to i'i])e spermatozoa. A eontme- 
tion figure is a constant occurrence just after the s[)ermatogonia! 
stages. The presumption is that here, as in the* bearla'rrv a])hid 
and in A])his saliceti, we are dealing with a tinu' syttapsis stage, 
but as I find a eoiit faction tigure oftcai present ui oldi'r cells also, 
almost ui> to the time of the spei'inatocyte stag(\ 1 ran not le('l 
that the criterion of the eontiTudion figuri' alma' sufllei's to idioi- 
tifv this stage with certainty, especially wlien in otlu'r forms, as 
in Lai'giis, a second contraction (not conjvigatiou' stag(' has 
Ix'cn recognized. 

IIISI'OHICAL HKTHOSPl'X'T 

In Teb, 1908, I described the fonnatioii of the funrtioiial 
female-producing spermatozoa of tin' i)]ivllox('ians and also th(' 
degeneration of the male-producing spermatozoon. The cons('- 
(juences of the foriruition of a single female-])i-odu(‘iiig class of 
sperm were poituted out. At that time I had also studu'd many 
preparations of aphids {my own !is well as some of Aliss St('vens'j 
and reached the conclusion that in them too tlu' sanu' j)n)c('ss 
occurred. I did not publish this conclusion, Ix'caiise 1 wishc'd to 
give Aliss Stevens the op])orlunity to correct her earlier state- 
ment in regard to the spermatogenesis in the grou]). Ihis she 
did ill the paper of 1909. \\ . B. von Baehr had also la'cn sludy- 

ing with Boveri the spermatogenesis and oogenesis ot aphids and 
laid come independently to the sanu' conclusion that I had 
reached. He published his preliminary paper in tlie Zoologisehm* 
Anzeiger, October 13, 1908, referring there to his own as similar 
to my results in the phylloxcrans, and the ('omjilete paper in 
1909.* 

In Science (Feb. 5, ’09) I reported further facts connected with 
the spermatogenesis and the number of ebromosotnes in the 
male- and in the fcinale-producing eggs. In September of the 
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snnie year I published a full afcount of luy work. In 1912 I 
f)btained e\‘idence that showed how the male-producing e^j^ sent 
out a whole undivided chroniosonic (or two whole chroniosorncsj 
into the polar body. The number of (‘hromosoines being di- 
minished, a male (h^velops. 

Anotli('r ])at)er by \k)n Baehr appeared in 1912 in I.a Cellule. 
A detailed jieeoimt of the s])erii!atoge?\esis f)f Aphis saleceli is 
given, but no new facts of any importance were added. Certain 
details in this ])aper will be referred to in other connections. 

In my 1908 pa])er i pointed out that the male in the phyllox- 
eran had one less chromosome than the female, in contradiction 
to Stevens’ earlier conclusion that the same number of chromo- 
somes is •i)resent in the male and the female. I added seems 
probable that the change takes place in the formation of the 
single polar bod}^ gi^’en oh by the parthenogenic egg.’’ Von 
Haehr also d(‘scribed one less chromosome in the male than hi 
the female, but, in his earlier paper, he like Stevens and myself, 
had made no observations to show where or how the loss takes 
place. In von Baehr’s full paper in 1912 also, there are no criti- 
cal stages to show how the elimination is brought about. Ste- 
vens foujid in 1910 two polar 'plates’ in the male-producing egg, 
containing one less chromosome Ihaa in tlie i)arthenogenetic fe- 
mal(\ Sh(' suggested that two (‘hromosoines had united in an- 
tici])ation of the reduction division when the polar body forms. 
Whether this union does really occur in the aphid has not yat 
been shown, nor has the presence of a lagging chromosome been 
seen as yet, but from analogy^ wulh the phylloxerans there can 
now be little doubt that a whoh* chromosome is lost in tlm polar 
body of the male-producing egg, and that a ]:»rciiininary union of 
the two X chromosomes may lake place. In P. fallax I have 
already recorded Iwo cases in which four chromosomes met to 
produce two pairs (’09, p. 24(), figs, u, w), and from the shifting of 
the chromosomes, or rather from the size relations, I inferred 
tlial such a union must also take place in P. caryaecaulis. 

Stevens’ identification of the synapsis stage in her 1905 paper 
I hold to be erroneous, because what appears to be the true s>- 
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mipsis ill other forms does not in any way resemble the process 
that she describes as such. The four iigures that Miss S(ev(>ns 
irave to illustrate the stage in question are (luite inade(|uate to 
establish this interpretation. \'oii Ihiehr also dissents from Miss 
Stevens' view. 

In i)arthen()genesis tlie relation between nMluciion in niiiiiber 
((f the cliromosomes and tlie occm'reiua* or non-oeeurreiiet^ of the 
synapsis stage has been studied in a few forms. tVoll(Mvck in 
1S98 examined the oogenesis of a species of ostracod, ( 'ypris ivp- 
tans. known to breed by parthenogenesis, and showtal (hat th(‘ 
eggs have a distinct contraction stage (/synapsis;). Vv'un' to this 
condition the chromosomes thicken and then coiuhaisc at one 
side of the nucleus. When they emerge. th(‘ full number is 
present, i.e., there lias been no reduction lliinugh ])airiug of the 
chromosomes. Since this change takes ])lace at tlu^ linu' whtai 
the ordinary synapsis would be exp('(*ted, there is a ])resumption 
in favor of the view tliat the (‘ontrai'tiou ligure corresiionds in 
some regards at least to tlie synapsis stage. 

Schleip in 1909 studied both iiai-tlumogenelic and sexual sp(‘- 
cies of ostracods. In both a synajisis stage was found from whicli 
in the ])arthenogenetic species the full numher of chromosouK's 
emerge: while in the sexual spe(*ies tlu' i-erhu-ed mimbei’ f)f (Tu'o- 
niosomes appear. 

Kiiline in 1908 described a stage at tlu^ beginning of the growth 
period in the parthenogenetic phyllopod, Daphnia pulex, in which 
the chromosomes contract and conceiitratt^ in radial lines around 
the nucleolus. He compares this condition with tlu' synajisis 
>tage described by Woltereck, but thinks that the evidence Ih'H' 
does not suffice to establish the identity of tlu' two. TIk' total 
number of chromosomes appears latia’, without any (A'idfaicf* 
that there has been pairing. 

Fries in 1909 found no syinqisis stage in tlie phyllopod, .\rte- 
laia saliiia, which reproduces by parthenogcaiesis. The egg and 
the body cells contain the full number of chromosomes. In 
Branchipus, on the other hand, which rei)roduc(‘s by means of 
sexual eggs, there is a usual synapsis stage, followt'd by reduction 
hi the number of the chromosomes. 
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Tiiiinreuthnr iti 1007 studied the maturation of the ])arthen()- 
geiietie and s(‘xual of the aphid, Melanoxanthus salicis. 
lie found the full number of chromosomes in the partlienogenetic 
and ])oint(Ml out that no previous reduction stage was ])re- 
sent. His study of the earlier stages of this egg does not seem 
to nu' to suffice' to liave precluded tlie jjossibilily of a synapsis 
stage l)eing present, especially in the light of his wrong identifi- 
cation of that stage in tlie sexual egg. Tannreuther missed the 
reduction stage of the sexual egg. but desci'ibes at length a pro- 
cess that he calls “ reduction of cliromosonies." This, he says, 
occurs after tlu' egg has left tlie ovary, but these stages can have 
iif)thing to do with the synapsis for the paii'ing has already taken 
])lace b('fore this time. He also overlooked the syna])sis stage in 
the s])erinatogenesis; for, tlu; jiairing (h the chromosomes which 
h(' descrilies is a much later stage — prolialdy a stage when the 
reduced chromosomes are emei-ging for the first spermatocyte 
division. 11 le behavior of the lagging chi’omosome was wrongly 
dc'scrila'd and interpreted. My own observations relating to sy- 
napsis in aiiliids and iihylloxerans wei'e piiblislied in 19 1 0. 
(Iregoire in 1910 lias given in an admirable resume an aeeount 
of what has Ix'en doin' in connection with synapsis and r^'chic- 
tion in parthenogenetic eggs. In ])articiilar, he has drawn at- 
tention to tlie similarities between the accounts of syiiajisis in 
parthenogenetic eggs and apogamy in certain plants, whei’e. ac- 
cording to Stnisburger, synapsis may occur, but fails to bring: 
about reduction in number of the chromosomes. In certain cases 
Strashurger th.inks that the hgures show an attempt at reduction 
at this time without union nailly taking place. 

The preceding evidence appears to show that a conti’actiou 
figure ma>^ ap]iear that I'escmliles s^uiapsis as far as one may 
judge from the general appearance alone, but which docs not 
lead to conjugation of the chromosomes. We have then tlie 
alternatives of denying that here the contraction figure repre- 
sents a true synapsis stage, or else of admitting that the contrac- 
tion figure in itself is not a true criterion as to whether conjuga- 
tion is taking place. There is also another possibility, namely, 
that during the contraction phase conjugation of the chroino- 
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soiaes takes place, but that the lueinbers (jf eael^ pair soi)ara(e 
before the chromosomes emerge. There is, howeviM'. un ('vidcaiee 
at present to show that conjugation does take phuMx 

It lias been su»'‘>;ested by several writers that partheno-iviiesis 
itself is due to the iailure o1 the ehromesnmes to (‘onju^ate, but 
such a view is in contradiction to the fact that in tlie et>;o; of tli(‘ 
bee that produces a male and in the mak^-producinti of lly- 
datina reduction occurs and two ])olar bodies are formed, aiul 
still the Qgg develops partheuo^enelically. Furllierinore. in ar- 
tificial parthenogenesis it has been shown, first by Wilsoii. later 
by others, that the embryo develo])s with half tlu' full numlKu- of 
chromosomes. Nevertheless, the fact remains that in cyclical 
forms, where there is a jiartheno^emHic pluisia tlu^ full number 
of chromosomes is ])reseut, at least in forms that h;iv(' adopt ('d 
this method as a means of pro]ia^ation. 'I'hvw is no a priori 
reason that w(‘ can ^ive as to why a i-a(‘e mit^ht not diAa^loj) 
and per])etuate itself with the haploid numb('r of (‘hromosonu's, 
exce])t that it would be made up only of males, Ixa^ausc', of llu' 
presence of a single sex chromosome. For, in th(’ only cas(‘s wh(‘re 
an animal develops with tlu' ha])loid luimlxM' of cliromosom<'s 
(namely, the bee and Hotifei'j the individual is a makv 

TIIK T.ttK llTSTOini'.S OF ('lai’l'AiX AI'IIIDS IN KKI.A’noN 

TO PKiaiKTiatMiXAiaox oi- sitx 

•In contrast to the life cycle of the phylloxcanns of tlu^ liickori(‘s 
the life cycles of most species of aphids is lon^ca* and in a scaise 
o])en, i.e., an indefinite scrries of ])artlien(>»’en(‘tic forms may oc- 
cur, ])rovided certain favorabk' extia'iial cojiditions p{M’sist. Tju‘ 
open phase of the life cycle lies Itelwcam th(‘ stem-tnotluu' and 
the sexuparae that bear the sexual males and fettiales. 

The most imi)ortant (question iji lh(‘ apliids is wind her tlaa’c 
are two lines startins^ witli two kinds of mothers, its in Fliylloxera 
caryaecaulis, or only one line that splits latei' into th(‘ two sexual 
types. Despite the extensi^'e litei’aUire on the life cycle of the 
aphids and their allies 1 can find only a few records that ^ive the 
necessary data to decide the question whether two or one line 
exists. If it \v(‘re found that certain females ]:)n)duc(' s(‘xual f('- 
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mules and oth(‘i' females produce males the fact would ho in favoi- 
of two lines, al(hou^;h tliis is not necessarily the conclusion to be 
drawn from tlie e\'idence. On the f)ther hand, if from a single fe- 
male botli sexual females and males arise the single line theory 
will cov(‘r tin* etise. In fact, there are a few definite records where 
a single i)art]i(‘nogenetic female has been observed to give rise t(j 
sexual females, males and parthenogenetie females. Balbiaiii 
recorded in 1SS4 in the ])hylloxeran of the oak and of the gra])e 
the birth of parthenogenetie females and males, of parthenoge- 
netic (ernales, of males and of sexual females, and of males and 
sexual banales from single females. 

Hunter ( '00) gi\'es a number of cases where an individual pro- 
duces partlienog(‘netic young (agamic) and sexual females, other 
records vln'ce an indi\ idual produces parthenogenetie young 
and mah's, and in one* record all three forms were given. He 
found in tliose generations wliere sexual forms are produced tliat 
00 per cent of tlie offspring are agamic, that about 17 per cent 
of the indix'iduals are intermediate in character, i.e., they show 
some of the cliaraeteristics of the parthenogenetie female and 
some of the sexual fejnales; that only J per cent of the individ- 
uals l)oru ar(‘ males and J per cent are sexual females. Tlie in- 
t('rmediate forms belong, he thinks, to the sexual gomeration, 
i.e., lh(\v are not transitional forms in the sense that they 
belong to a geiu'ration iirecediug (he sexual genertdioa. Tlieir 
occurrence is a jioint of grc'at interest, for it seems to show thi^t 
the diflereuce that separates tlie jiarthenogenrtic from the sex- 
ual generation is uc>l absolutely marked off, and this would be 
expected if environmental rather than internal factors . bring 
about the change. 

Webst<u’ and Plnllips in their government report entitled “The 
spring grain aphis or green bug, Toxoptera graminum,’’ give 
many records of the output of single indi\dduals. They show 
that one agamic female may give birth to males and partheuo- 
gciietic females or to males and sexual females. Among ‘aber- 
rant indhiduals’ they record two cases where they found in a 
single female inie eggs (i.e., sexual eggs) and living embryos 
(i.e., parthenogenetie embi'yos). Such an indi^■idual isreproduc- 
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ing, both sexually and ])y partlienogonesis. I'hey state that Mr. 
(\ X. Ainslie found similar cases. 

Stevens has given a luaef a(‘eoimt of s(A'ei'al forms in whi(‘h 
the same female individual produced liotli Miah^ aiul s(*xual fe- 
niales (Science, voh 20, Aug. ’07}. The color relations iuMweeii 
the mother and her youi\g are also noted. The facts r(H*oi'd(‘d are 
highly interesting since they suggest that tliert' is lu^n' a (“use of 
alternative color inheritance. In some cjises tlu‘ color appears 
to be due to the sex of the individual, i.c., a specilic I'ffeet is pro- 
duced by the combination that gives a maha Hut in other cases 
the results do not appear to eonform to tins relation, nor do llnp- 
seem exj)licable by the assumption that sex link(al faetors are 
involved. They do suggest, however, as Miss St(nams poiiitf’d 
out, that a condition of heterozygosis in la^gard to tlie color fac- 
tors may exist, and if so, chromosomes otlaa- than ilu' sex ehro- 
mosomes must be involved. Ihit until furi lua- ex])erimental work 
l\as been done, as iMiss Stevens Ina-self had planned, lln‘ inheri- 
tance of color in relation to sex inheritance is obscaire. 

In the light of these results the singl(‘ line tlu'oiT s(‘(ans to be 
tl'ie most probable one for these s|)eci('s of apliids. 'Hk* eyto- 
logical work on the aphids lias shown that th(‘iH‘ are but two s('X 
chromosomes in the female, i.e.. the S(‘x chrotnosonn's am imt 
doubled, as in the phylloxerans, and without this doubling it is 
not possible, at present, to suggest a way in wbicii the twodine 
scheme would work out. 
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THE EFFECTS OF THE BETA AND G\MM\ HAYS OF 
RADIUM OX P]lOTOPT;AS.M 

CHAIVLKS P.V('KAUJ) 

From (he Zoological Laboralorg, Folumhi<i rtiiirrsifi/ 

T\VFA*TY-FIVE FKU’KKS (THItER PLATES) 

The present investigation has been carried on for the purpose 
of determining the effects of the beta and gamma rays of radium 
on protoplasm. Much work has been done during the last ten 
years on the general effects of the radiations, but the results 
have been conflicting, and the opinions as to their meaning far 
from unanimous. Conflicting results are found to occhr for 
two reasons; first, because different types of cells react very 
differently to the same stimulus; and second, because very 
different methods of applying the stimulus have been employed 
on the same kinds of cells. The first point calls for further 
inquiry as to why cells differ from each other in tlieir ability to 
absorb the rays emitted by radium ; the second, for a more care- 
ful analysis of the action of the different kinds of rays. This 
paper deals with the second point. 

^The three types of radiations given off by radium differ 
markedly from each other in their physical properties. 

The alpha rays, which are chemically the most active, possess 
so sliglit a power of penetration that they do not reach the 
object of study, being entirely absorbed by the glass tube in 
which the radium salt is held. They may therefore bo left out 
of this discussion. 

The beta rays consist of negatively charged particles which 
can be deflected in a strong magnetic field. The rays are not 
homogeneous but are made up of particles whose speed varies 
from 0.3 to 0.99 of the velocity of light. The slower particles 
are deviated more sharply in the magnetic field than are the 
high speed particles and are much more readily absorbed by 
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itialtor. The latter are all absorbed by 2 mm. of lead, or by 250 
cm. of air. Thus it is seen that the distance of the object to 
[)C exi)oscd I'rom the radium is a large factor in tletermining the 
int(msiiy of the I’adiation. The slower beta particles are easily 
absorbed by thin layers of matter mucli less dense than lead, A 
fhick mica screen is sufficient to stop them, although they pass 
thi’oiigh a very thin screen of mica without much loss of energy, 
('hemically, the l)cta rays are much less active than the alpha 
rays, since they arc not absorbed as readily. It is therefore ap- 
parent that the slower beta rays are more acti\'e than the more 
rapid ones since they are absorbed in passing through matter. 
This point is of importance in conducting an experiment for if 
these more active rays are unable to reach the object of experiment 
the effects j^roduced may be very different from those obtained 
when all of the Ijeta rays are available. 

The gamma rays are similar to the hard X-rays in many 
r(‘spects, but tlu\y travel with much greater velocity. For this 
reason they are not absorbed to any extent and their effects 
are of a different order from those produced by the beta rays. 
In a magnetic held they are not deflected. When they pass 
through lead gf considerable thickness they are transformed into 
secondary beta rays, similar to the beta rays emitted by radium 
itself. These rays have been shown by C'ongdon to produce 
definite effects on living matter. 

HEVIKW OF lU’CERATURK 

I'p to the present time very few studies have been made on 
llie effectiveness of the different kinds of rays, or on the relative 
('ffects of the slow and rapid beta rays. Guilleminot ('07) 
sliowed that the beta rays are more effective than X-rays when 
(licir luminescent effects are approximately the same. A more 
thorough study is that of Congdon (T2) in which he analyzed 
the effects of the primary and secondary beta rays on seedlings. 
He states that the gamma rays from 8 mg. of radium bromide 
produce no appi’ccialffe effect. Of the beta rays, the slow* 
electrons are more effectiAT in retarding growth that are the 
rapid electrons. 
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Abbe (^14) exposed wheat grains to mixed beta and gamma 
rays for varying periods and at varying distances. “Tli(‘ uni- 
versal effect was a depression of growth exactly in proportion 
to both time and distance. The greatest destruction of seed 
life was at one inch.’’ In no instances was tliore any evidence 
of an acceleration in the rate of growth. Carnd ((pioted in 
Abbe’s paper) found that the gamma rays ])roduco no effect 
on the rate of cell growth in vitro but that tin? beta rays liriiig 
about a retardation of 25 to 50 per cent. There was no morplio- 
logical change in the cells. The effect of a sluu't radiation ]5er- 
sisted through twenty cell generations. 

Experiments in which there has been no attempt to differenti- 
ate between the action of the different kinds of radiation ha\'e 
been numerous. I will not attempt to re\dow them here for 
they have been mentioned in a ]n'e\dous papei’ and by llortwig 
(TO) and Richards (T4). The point which is of interest in (*on- 
nection with the present study is that a strong radiation retards 
development and ma}" produce many abnormalities. A very 
weak and short exposure brings about an acceleration (Cong- 
don T2). Between these extremes it is possible to radiate 
developing embryos so that no abnormality iTsults although 
there is a marked retardation. 

METHODS 

’The beta rays can be separated from the gamma rays in a 
• magnetic held, since the former are de\dablc and the latter are 
not. The device for separating the rays is shown iatext figure A. 
The block is made of solid lead. The capsule containing tlm 
radium (5D mg. of the pure bromide) rests in the chaml>er A. 
the bottom of which consists of a sheet of lead 2 mm. in thickne,ss. 
This is sufficient to absorb all of the beta rays ])rojcctcd down- 
wards on the shelf B . Thus only gamma ray s can fall on mat oiial 
placed in that position. AVhcu the device is placed between 
the poles of a strong electromagnet the beta rays arc deflected 
in the manner indicated and fall upon material j) laced on the 
shelf C. The path of the rays, whicit under these conditions 
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is about 50 mru. may be strikingly demonstrated in a dark room 
by holding a willemite screen where the rays may fall upon it. 
The gamma rays may be similarly shown falling on the shelf B. 
'Fhe luminescence of the screen is about the same on both shelves. 
Secondary beta rays are probably produced in the lead and fall 
upon the shelf B but the effects they produced, as distinguished 
from those of the gamma rays, was not studied. 

The material to be radiated was placed in small glass cells, 
open on top, and provided with mica bottoms. The cells were 
l)Iaced on the shelves B and C. In some experiments the cell 



was placed directly above the radium capsule and at varying 
distances from it. Th(^ material was thus exposed to both beta 
and gamma rays. By varying the thickness of the mica bottoms 
of the cells it was possible to screen out the slower beta rays or 
to utilize them all. With a thickness of 0.1 mm. of mica it was 

m § 

found that very few of the slow beta rays were absorbed. A 
thickness of 0.10 mm. of mica is sufficient to screen out the 
slower rays, so that only the more rapid ones could *affect the 
material. 

These experiments were made at Woods Hole during the sum- 
mer of 1014, For the preparation of radium and for the electro- 
magnet with the lead device for holding the radium ! am deeply 
indebted to Dr. Robert Abbe of New York City, I take pleasure 
here in expressing to him my hearty thanks. 
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MATERIAL 

The eggs of Nereis limbata and Arbacia punctulata were used 
almost exclusive!}^ in these experiments. Some work was 
also done on Drosophila arnpelophila and on Paranioecium 
caudatum. 

OBSERVATIONS ON LIVING MATERIAL 
■ a. The gamma rays 

•With the apparatus employed it is difficult to determine what 
percentage of the radiations falling on the shelf R is in the form 
of gamma rays and what is in the form of secondary beta rays. 
But whatever may have been their nature it is evident that they 
produce a slight acceleration in the rate of cell division. This 
is most marked in the eggs of the sea urchin, which were exposed 
either before fertilization or immediately afterward.' Text 
figure 2 indicates the.change in division rate. It is seeixithat the 
first indication of cell division appears about 15 minutes before 
a similar change occurs in the control. This difference is con- 
tinued in the second cleavage. There is no abnormality in the 
mode of division and the larvae develoj) with perfect regularity. 
The acceleration is not cumulative; the eggs do not divide at 
shorter and shorter intervals. After a few divisions it is impossible 
to say whether the acceleration persists or not. 

Nereis eggs do not respond at all to the gamma rays. 

The eggs and larvae of Drosophila are not alTected appreci- 
ably by the gamma rays. The rate of growth is not changed 
and the adults are fertile.* * 

Paramoecium is not affected e^^en by long exposures. Indeed 
I have ifot been able to see any sign of abnormality or change 
in the rate of division even after prolonged radiation with both 
beta and gamma rays. This has been the general result reached 
by other investigators on Paramoecium. 

In order to test the effect of the gamma rays acting at a dis- 
tance I placed the glass ^ells holding the material 5 cm. above 
the radium. When the electro-magnet was in operation the 
beta rays were entirely deflected so that only pure gamma rays 
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reached the objectr?. All experiments of this sort were negative, 
showing that the gamma rays in passing through even a short 
layer of air, lose much of their effectiveness. 

h. The beta rays 

I. Ph'yerunenls on Xereis. The effect of the rapid beta rays, 
acting at about 50 mm. distance, is seen in a change both in the 
division mte and in the physical properties of the protoplasm. 
After the first cleavage the blastomcrcs divide at a slower rate 
tlian normal, although the mode of division is perfectly regular. 
Th(' swimming trochophores are normal and as active as the 
(X)ntrols, but are always behind the controls in their stage of 
development. The first cleavage occurs before the control eggs 
divi(l(^, but this apparent acceleration is due to the weakening of 
the pc'ripheral protoplasm of the egg and not to an acceleration 
of melabolic processes. 

Wlnai unfertilized eggs are placed directly above the radium, 
at a distance of 4 mm. the effect is far different. If the rapid 
beta rays are used alone, the peripheral layers of protoplasm 
are chiefly adcctcd. If both rapid and slow beta rays are used 
the egg (piickly dies, usually before the first cleavage. In the 
first case there is a profound change in the mode of extrusion of 
the egg jelly. 

d'hc normal extrusion of jelly, which has been described bj^ 
lallie (Tl), takes place as follows: As soon as a sperm becomes 
implanted in the vitelline membrane the jelly, which has been 
held in delicate ah eoli iii the cortical la^^er of the egg, begins to 
pass through the membrane forming a thick layer outside of the 
egg. The alveoli, which have thus been ennptied of fheir con- 
tents, later become filled with water so that they almost dis- 
appear from view. But before this occurs their walls may be 
seen extending radially out to the membrane of the egg. 

In the radiated eggs no change can be noted before insemi- 
nation. The oil droplets and the mitochondria, which can be 
seen by dark field illumination, arc normal After insemination 
the jelly is given off', but it has not the usual sticky character, 
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for the eggs do not tend to stick together as in the controls. In 
a few minutes the \dtclline membrane is ]:)iis]ied away from the 
surface of the egg so that the peri vitelline space increases in 
width. Figure 1, which was drawn from tlie living egg just be- 
fore the first cleavage, shows the extent to whicli tliis increase 
may occur. The walls of the alveoli are drawn out so that they 
extend from the egg protoplasm up to the delicate plasma 
membrane which lies just beneath the \atclliue membrane. The 
following measurements taken from many living eggs just 
before the first cleavage and 1() hours after show the extent of 
this increase in wddth: 



DIANtKTKH <IP E<;<; 

I;I \METEK (IF 
.MEMBRANE 

Normal 

87 lOOju 

87 X IOOm 


Unfertilized eggs radiated for 90 min.; 
measured just before cleavage 

90 X 90jli 

no X P28ju 

Same eggs 18 hours after insemination.. . . 

90 X Ofiju 

151 X lesju 


Through the kindness of Dr^Cb L. Kite who dissected a num- 
ber of eggs from the same lot froni which these measurements 
were taken, I was able to observe that the physical ])ropertics 
pf the protoplasm and of the egg membranes are greatly altcro<]. 
The membranes arc still sufficiently tough to hold together when 
the dissecting needle is pressed against them, but they are softer 
than normal and can be punctured without difficulty. The 
protoplasm, instead of being a fairly firm gel is soft, and flows 
freely through a small tear in the membranes. The pcrivitcl- 
line space is filled with a semi-gelatinous substance which stains 
with various protoplasmic dyes. The fact that this is more 
fluid than the normal jelly may indicate that it is a mixture of 
jelly and water. Certainly not all of the jelly is given off after 
insemination. The treatment with the beta rays has so altered 
the membranes that they are no longer able to allow the jelly 
to pass through them in a normal fashion. According to Dr. 



330 


CHARLES PACKARD 


Kite the protoplasm has increased its water iiolding power so 
that the whole egg becomes soft and fluid. A further evidence 
of the softened character of the protoplasm is shown in figure 2. 
The peripheral layer is pulled in abnormally unaer the influence 
(jf the aster. 

(deavago occurs in a fair proportion of these eggs^ but it is 
abnormal. After several divisions the embryo resembles a 
heap of shrunken cells. Occasionally the cells put out cilia. 

Eggs which are treated with both slow and rapid beta rays for 
varying periods before insemination do not show so marked an 
increase in the width of the peri vitelline space. But evidently 
they have been greatly injured since in most cases division is 
entirely inhibited. Those eggs which dividi^ at all do so in a 
very abnormal manner. 

These facts indicate that the rapid beta rays acting at a dis- 
tance of 50 mm. are not strong enough to produce any marked 
abnormality in development, but cause a pronounced retar- 
dation in the rate of development. Acting at 4 mm. distance 
they affect chiefly the peripheral layers of protoplasm. When 
bo til slow and rapid rays are used cell division is usually in- 
hibited altogether. 

2. Experiments on Arbacia. *10 the experiments on the sea 
urchin I used both fertilized and unfertilized eggs, observing the 
proper precautions to have all the conditions for growth as 
favorable as possible. The general effect of the rapid bete. 
rays, acting at a distance of 50 mm. is a retardation, the slowing 
.down commencing almost at once in the case of the fertilized 
eggs. In text figure B the amount of retardation is shown. The 
curves were made from an average of many observations made 
on different lots of eggs. In each case the eggs were exposed 
for 40 minutes immediately after insemination. It will be seen 
that the control eggs in these experiments begin to divide about 
75 minutes after insemination, and that all are in the two cell 
stage about 10 minutes after they begin to divide. The radiated 
eggs are much retarded both in beginning to divide and in at- 
taining the complete two cell stage. At the latter time the 
controls have begun to divide for the second time. The pause 
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Text fig. B. “Seii-urrhiii eggs radiated for forty nnmites after inseini na- 
tion. 

between cleavages is evidently increased in length in later 
development since after severll hours the embryos were far 
behind the controls. These embryos are not abnormal except 
in the fact that they are behind the controls. The retarding 
effect of the beta rays, even after so short an exposure as 40 
minutes is therefore permanent, even when the embryos are 
placed in the best possible environment. 

Unfertilized eggs respond in the same way except that a longer 
exposure is necessary in order to obtain the same results. 

When unfertilized eggs are treated with the slow and rapid 
beta rays for 30 minutes or more and then inseminated with 
fresh sperm they throw off a very slight fertilization membrane. 
Cleavage is much delayed and a’ most always irregular. The 
feiv embryos which survive for a day show many abnormalities, 
Most of them never pass through the gastnila stage, and those 
that do, later show abnormalities of the types familiar to all who 
have observed the development of Arbacia. A careful de- 
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script if)n of such typical abnormalities has been given by Tennant 
(MO). It is evident from both series of experiments that pro- 
toplasmic changes in Arbacia are v^ry small^ if indeed they 
occur at all. 

3. Experiments on Drosophila. The larvae and pupae of 
Drosophila do not show any external change even after an 
int(Hise radiation for one hour. It is probable that the rate of 
dev(‘Ioj)ment is somewhat retarded, although there is not suffi- 
cient evidence to prove this point conclusively. When the pupae 
hatch out, the flies are normally active but are completely sterile 
inter se and with normal wild stock. The sterility is however, 
only lem])oi‘ary for after about three weeks the flies become 
hu’tile again. The offspring appeared to be normal. iVpparently 
only those germ cells which were in advanced stages of devel- 
opment were destroyed, while the earlier stages were merely 
retarded. 

Summary 

The gamma rays from 50 mg. of radium bromide bring about 
some acceleration in the rate of development of the sea urchin, 
but have no effect on Nereis. Rapid beta rays, acting at 50 mm. 
distance exert a retarding effed;, most marked in Arbacia, but 
noticeable in Nereis and Drosophila. Acting at 4 mm. these 
rays affect the peripheral protoplasm of Nereis. When both 
rapid and slow beta rays are used there is a marked protoplasiiyc 
change in Nereis and an inhibition of development. Under the 
same treatment Arbacia shows little or no protoplasmic change, 
but a very abnormal developmentu The chief effect on Droso- 
phila is a destruction of the germ cells in the later stages of 
gametogenesis. 


CYTOLOGY OF RADIATED EGGS 

In a previous paper I described a number of typical abnormali- 
ties which occur in the radiated eggs of Nereis. The point was 
made that in these eggs marked protoplasmic changes occur as a 
residt of the treatment with small amounts of radium, and that 
the nuclear changes, while present, are not always obvious. 
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In this respect the results dilTer from those of Pmihi Hertwig ('ll) 
who states that in Ascaris the only effect of radiation is on the 
nucleus. With larger amounts of radium I have i-epeated the 
previous experiments, and am able to confirm my former state- 
ments in regard to Nereis. Experiments on the sea urchin tend 
to confirm the observation of Afiss Hertwig. This situation* 
illustrates the difficulty of making any general statement on the 
effect of radium on protoplasm. In the following section I 
will describe the changes brought about in the eggs of Nereis 
and Arbacia by means of the rapid and slow beta rays. 

I, Experinients on Xereis 

The eggs de\'elop in different ways depending on the nature 
of the rays employed and on the length of exposure. In general 
there are three fairly distinct types of de\Tlo])mont. The first 
type is seen in those eggs which have been exposed to the rapid 
beta rays at 50 mm. distance before insemination. The peri- 
vitellirie space is not increased in width; the sperm enlei*s much 
earlier than normal, and the maturation divisions, which are 
normal, take place at a correspondingly (^arlier tiimn About 
75 per cent of the eggs thus treated show this peculiarity. The 
second type predominates when the unfertilized eggs arc exposed 
to the slow and rapid beta rays at 4 jam. from the source. The 
perivitelline space is at first normal but after a short time in- 
creases notably in width. The sperm enters early, as in the 
preceding case, but the maturation tlivisions arc abnornnil. 
Ahnost every egg is thus affected. The third type is seen when 
the eggs arc exposed to the rapid beta rays acting at 4 mm. dis- 
tance. The perivitelline space, in about 75 per cent of the eggs, 
is greatly extended; the sperm usually fails to enter, and the 
maturation divisions are abnormal. 

The early entrance of the sperm is a very striking and con- 
stant phenomenon. In table 1, which is a summary of several 
experiments performed in different ways, the rate of entrance 
and the subsequent phenomena of maturation and cleavage are 
shown. The first column shows the iioVmal course of develop- 
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merit. Variations from this rate are small if the temperature 
remains constant. It will be seen that the sperm remains ex- 
ternal to the egg during the prophase^and the early formation of 
the first maturation spindlcj and does not begin to enter until 
the time of the first anaphase. At that time it is drawn through 
the membrane, a process which occupies less than 5 minutes. 
It continues its course inward during the first telophase, and is 


TABI^E 1 

Shoiriuy the dev€loj>me}il of Nereis eggs radialed before insemijiation 


II 

El 

1 

RAPID BETA AT 50 -MM. , 
75 MIX. EXPOSURE 

RAPID AND SLOW BETA 
AT 4 MM,, V>0 MIX. 
EXPOSURE 

rapid beta at 4 MU,, 

90 MIX. EXPOSURE 

10 


Rrophase 

Pro phase 

Prophase 

20 

ProphiiSG 

Prophase; peri- 
vitelline space 
normal 

Prophasc; peri- 
vitellinc space 
normal 

Prophase; peri- 
vitelline space 
wide 

30 

1st iriGtapliaso at 
periphery 

sperm entering; 
1st anaphase 

1st metaphaae 

1st metaphase 

3o 

same; sperm still 
external 

1st polar body 
extruded 

sperm entering; 
anaphase 


40 

sperm entering; 
1st anaphase 

sperm in center 
of egg; 2nd 
metaphase 

sperm entering; 
1st anaphase; 
pcrivitclline 
space wide 

Very abnormal 
developm^t 
with suppres- 
sion of the 1st 

4o 

1st anaphase ami 
telophase 

2nd anaphase 
and telophase 

sperm in center 
of egg; abnor- 
mal polar di- 
visions 

polar body; in 
many cases the 
sperm does not 
enter 

.55 

sperm in center 
of egg ; 2ncl 
metapliase 

fusion of pro- 
nuclei 

a great variety 
of abnormalities 


6.5 

fusion of pro- 
nuclei 

cleavage 

cleavage rare 

cleavage rare and 
abnormal 

75 

cleavage 
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in the center of the egg when the inetaphase of the second 
spindle has formed. The pronuclei fuse about 05 minutes after 
insemination. 

The second column shows the rate at wliich these i)henomena 
occur in unfertilized eggs which have been exposed to the ra})id 
beta rays acting at a distance of 50 mm. The perivitelline 
space is not appreciably widened. The sperm enters about 
thirty minutes after insemination, that is, about 15 minutes 
ahead of the control. In the meantime the first anaphase lias 
developed. In other words, the development of the egg has kept 
pace with the early entrance of the speimi. By the time the 
sperm is in the center of the egg (in 40 min.) the lirst polar body 
has been extruded and the second metaphase figure has developed. 
Here again, the whole development occurs at exactly tin* same 
rate as in the controls. If the living eggs only ha'd been obseiAxal 
the conclusion might have been drawn that the treatment witli 
radium stimulated the eggs to divide at a faster rate than normal. 
But the cytological evidence just presented shows that there 
has been no stimulation. The weakened egg membranes havij 
permitted the sperm to be drawn in earlier than usual, but that 
is all. There are no constant abnormalities to be found in the.se 
eggs either during the maturation divisions or during cleavage. 
The subsequent development is normal, but the larvae develop 
at a slower rate than the control animals. The effect of these 
r^ys under these conditions is therefore to weaken the egg 
membranes and to bring about a retardation in the growth of the 
embryo. 

The effect of the slow and rapid beta rays is shown in the third 
column. The perivitelline space, which at first is of normal 
width, increases later in a striking manner which has already 
been described. The protoplasm at the periphery of the egg is 
much changed in appearance. The finely granular character 
seen in normal eggs, is lacking, and in its place is a fairly homo- 
geneous substance in which are held numerous faintly staining 
spheiniles (fig. 3). Occasionally it presents a vacuolated appear- 
ance seen in figure 4. As the perivitelline space increases in 
width the entrance cone is also pulled mut so that it stretches 
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ucrosfs tlio cntir(3 space and reaches the membrane just below the 
spenn (fig. 4). The sperm enters somewhat earlier than in the 
controls. The cone does not sink back into the egg protoplasm 
Imt remains elevated and the sperm penetrates throughout its 
(‘ntire length ff'g. oj. In some instances the sperm does not 
cuter at all. 

41ie egg develops normally as far as the first metaphase. In 
some instances development up to cleavage is normal^ but such 
eggs do not develop far, for they die before reaching the trocho- 
phore stage. Of the abnormally developing eggs about 20 per cent 
show a curiously sjnall polar spindle. The whole figure is crowded 
to the periphery of the egg. The polar body, howe\'er, is normally 
extruded and the second maturation si)iiidle is ai)parently normal. 
In about 40 per cent of the eggs the centrosomes of the first 
polar spindle dl\dde to form a tripolar or multipolar spindle 
ffigs. (> and 7). The chromosomes are perfectly normal and the 
asters are well developed. But in such cases the first polar body 
is not extruded. The chromosomes remain in the condensed 
condition for a considerable period, after which, those nearest 
the periphery arc extruded in the second polar body. The 
reason for believing that this is the second and not the first polar 
body is that immediately after its extrusion the chromosomes 
become vesicular, just as they do in normal eggs after the second 
])olar body has been given off. The mechanism involved in the 
extrusion of those chromosomes is not clear since in no ca^e 
have I been able to find any spindles. Either the stage during 
which they are present has been passed through very quickly, 
or else the fibers do not stain; figures 8 and 9 show this condition. 
In figure 8 only a few chromosomal vesicles are shown. The 
polar body is imiisually large, and contains little chromatin. 
Figure 9 shows a later stage. The polar body has formed 
completely and the remaining chromosomal vesicles, whose 
position indicates that they were lying in a tripolar spindle, are 
now distinct. There are about 28 karyoiiieres in the vesicles. 

If the sperm fails to enter, development proceeds in a very 
different way. As before, multipolar spindles form at the first 
maturation division. Tiie first polar body is suppressed, and 
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the chromosomes, following the extrusion of tlu^ second polar 
bodj^j develop into large chromosomal ^’csiclos. Such an egg is 
shown in figure 10. The sperm is seen still exterior to the egg 
membrane which is not lifted far off from the egg. Tln^re are 
at least 40 vesicles present in the entire egg and the karyomeres 
number about 250. Such a number of vesicles is iirobably due 
to more than one division of the chromosomes at the first meta- 
phase. The karyomeres may haA O fragmented by direct division. 
Subsequently they have grown, since each ona is fully as large 
as those found in normal eggs. 

The third type of development is seen in eggs radiated with 
the rapid beta rays at 4 mm. distance. The increase in the 
width of the peri vitelline space is much more marked than in the 
preceding type, for it ap])ears earlier and is greater in extent. 
More than 75 per cent of the eggs show such an abnonnality. 
In the great majority of cases the sperm does not enter at all, 
and can be found more than an hour after insemination still 
outside of the egg. This phenomenon may be due to the fact 
that the vitelline membrane is so rapidly pushed away from the 
egg that no fertilization cone could extend far enough out from 
the egg to reach it (fig. 11). 

The development of these eggs proceeds normally until the 
time when 'the sperm should enter, that is, through the first 
metaphase. The ehromosoiiK'S ar(^ not extruded, and no fii'st 
polar body forms at all. The inner centrosome of the spindle 
divides forming well marked tripolar and multipolar s})iudles 
(figs. 11 and 12). Figure 13 shows a small protoplasmic pro- 
tuberance at the point where the polar body should be given off. 
This is a very common phenomenon. The chromosomes which 
are very numerous, owing to the multipolar divisions, now 
become vesicular, just as they do in normal eggs at the end 
of the second polar division. In the meantime the second polar 
body has been extruded although the method, as in the preceding 
case, is obscure. I could not determine how many chromosomes 
are extruded at this time, but from indirect evidence T believe 
the number to bo 14, that is, the haploid number. The remaining 
chromosomes, of which there may be 28 or 42 or even more. 
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(lepcruliRg on the numbor of divisions of the first polar chroino- 
•soincs, now mi grate, still distinct, to the center of the egg, or 
they may grow in size until they finally fill a large portion of the 
egg. The latter condition is seen in figure 13. In the former 
ca.se (and such instances are rare) the egg divides abnormally. 
The chromosomal vesicles become arranged on the cleavage 
spindle and are une(|ually di\dded in the two daughter cells. 
The larger number stays in the larger bla.stomere. The asters 
are very slightly developed, but the spindle fibers and interzonal 
fibers are very obvious: figure 14 shows this point. The total 
number of vesicles remaining in the larger blastomere is about 
28, aiul in the smaller, a]>out 14. Whether these numbers are 
.significant or only accidental cannot be said since there are so 
few cases of this phenomenon, 

Majiy of these eggs extrude no polar body at all. In suck 
instances the chromosomal vesicles fuse together and the karyo- 
meres spin out into a spireine somewhat similar to that seen in 
normal eggs immediately after the germ nuclei have fused. 
Hut iji these nuclei there is no nuclear wail (fig. 15) the chro- 
mosome lying in a vacuole filled with a very faintly staining 
substance. 

These observations point to the conclusion that cells may be 
stimulated or retarded without suffering any mark'ed inoipho- 
logical injuries. The effect has been physiological since only the 
rate of metabolism has been affected. But with more severe 
radiation the retardation is not so apparent because the embryos 
die before developing far. A comparison of the injuries brought 
about by the slaw and rapid beta rays acting together with those 
induejed by the ra]hd rays alone reveals tlie curious fact that the 
more intense radiation occasions less apparent disturbances. 
This phenomenon superficially resembles that described by 
Hertwig, who found that when the unfertilized frog egg is 
radiated intensely, development after insemination is more 
iKjrmal than when it is radiated more moderately. His ex- 
planation is that the egg nucleus has been entirely inhibited from 
taking part in cell division, so that only the normal sperm nucleus 
divides. But in Nereis de^'elopment after intense radiation is 
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never ha])l(jkl, and the egs nucleus ahvays d(n'eIo])s, though 
abnormally, through the maturation periods. It is impossible 
to inhibit completely the activity of the egg nucleus wilhout 
destroying the entii’e egg. 

2. Experiments on Arhacia. A <‘ytologi{“al study of Arbacaa 
egg.s, radiated both before and after insemination reveals the 
fact that the treatment j)roduces very sliglit elfects on the C(‘ll 
constituents, (dear cut abnormalities such as were abundant 
in Nereis are here vei’y rare. Indeed it is only !>>' careful s(‘arch 
that they can be found. This does not signify that radium is 
incapable of effecting marked cytological changes in sea urchin 
eggs, but merely that the treatment given in these ex])enments 
was not se\ ere enough. But inasmuch as abnoj-inal d(‘velop- 
ment always follows prolonged radiation, it is e\'ident that ])ro- 
found changes have taken place which cannot be I’eiideivd visible 
by the technical means now at hand. The amount of visible 
injurv cannot be considered an index tr) the actual condition of 
the cell constituents. 

The eggs were ex])osed for varying times to the gamma rays, 
the rapid beta rays, and to a mixture' of tlie rapid and slow type'. 
In those eggs treated with the gamma rays llu're is no sign 
whatever e)f injury. As stated before, the' only effect of sue'h a 
treatment is seen in the slight acceleration of ce'll divisiem. 
Expo.sure to the rapid beta rays likeuv'se* [)roduce*s no visible 
cytological changes, but only a markeel retardation in the' rate 
of development. When both slow and ra])id beta i‘ays ai'o 
utilized some effect on the cell coiistituents can be^ se'cn. 

rnfertilized eggs were exposed fe)r ofl to bO minutes to all the^ 
available beta rays, after which they were' iiis(*miiiat<‘d in fingiT 
bowls. In eacli exj^jeriment a })arallel sorie's of ex{){)sur('s was 
made on a very few eggs. Such a control is ncea'ssaiy since^ 
overcrowding of the eggs frequently produces tlie same abnomiali- 
tie.s as the radium. By having two controls for each experime'ut 
the danger of drawing false co^iclusions was mininiiz(;d. In 
the experijnents to be cited there was always a sharp distinction 
between the behavior of the ra{ bated and the control eggs. 

THK J<M-K\-AI. OJ' EM'KliiMKXT.U ZnoItHiV, VIlL. lil, O 
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4'Ik^ oiitraiicc of the sperm is normal in ever}' case, and poly- 
sf)ermy is as rare? iis in the controls. As the sperm penetrates the 
f)erii)h(‘i'al protoplasm of the egg it revolves, and an aster de- 
v(4ops in front of it (fig. 10). The further course of the sperm 
is not marked \)y any abnormalities (fig. 17j. In about twenty 
minutes the sperm liead becomes closely applied to the egg 
nucl(Mis wh(‘re it remains as a distinct cap for some time before 
it completely fuses with the egg nucleus. In the meantime the 
sperm aster divides and the daughter asters migrate to opposite 
sides of the cleavagt^ nuekais (dig. 18). 

I'p to this time th(^ egg nucleus is entirely normal. Jiefore 
ins(‘ni illation it is hik'd with a tangle of chromatin threads 
susp(‘iided in a (k'liiaite linin ladwork, a condition which persists 
until tlie sjaa'in nucknis begins to fus(' with it. Tlie hrst sign 
of abnormal d(‘^'(‘lo])m(‘nt ap])(au's at this time. Some of the 
chromatin of the egg nucleus condenses into deeply staining 
spherical bodii's which an* seatt(*red throughout the nucleus. 
As a. rule they ai’(* com])aratively small tlig. ID) but may b(* 
very largi* (fig. 20). In this condensed condition they remain 
throughout subs(Hpient (k'velopment and may lie seen in tin* 
anapluisi* of tin* tii-st cleavage lagging b(*hind the chromosomes 
{figs, 22 and 23). 

d’he remaining chromatin at first spins out into very delicate 
tliH'ads, during which time tin* mingling of the parental (*liro- 
matiii takes ])lace (fig. 10). This stag(* is followed l)y a gradual 
shortening and tliiekeiiing of the thr(*ads (figs. 20 and 21 ). In 
tin* nnaintinn* the astral I'ays (not sliown in tin* figure) grow in 
and l)(*eom(‘ attached To tlie rod-like chi'omosomes which have 
resulted from tin* shoiteiiing of the chi'oniatic threads. This 
wliok* process is normal in every r(*spect. 

Tin* elumnosomes {‘an be counted during the anaphase. Afany 
counts show tlait (kw’olopment is, without exception, di])loid. 
The normal diploid number is 34. The a])pearance of tin* mi- 
totic figure res(*mbles in many ways the figures of Hertwig ('12i 
In his ex])erjments on 8phaerechimis lie I'adiated the speiau only, 
and found that the s])enu chromatin breaks uj) into numerous 
masses of irregular shajie wliieh in many instances, are involved 
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in the spindle in wliicli the dividiuj^ ep:^ chromosomes are located. 
In my experiments, which are the reverse of Ids. since only tlie 
eggs are radiated, it is the egg nucleus that gives rise to the 
chromatin masses. That they rc])resent abnormal chromosomes 
is probable, since the number of thes(^ bodu's. added to the number 
of normal chromosomes in any figure, gives tlu' usual diploid 
number, llvidcntly, therefore, only a portion of the egg chro- 
matin has })eeu injured severely caiough t(^ prodma^ obvious 
changes in ap])ea ranee. 

The achromatic portion of the mitotic figure is normal in every 
respect. Tlie -furtlier stages of division are normal e\cei)t for 
the presence of the injured chromosomes which may lie any- 
where in the spindle. Occasionally tluw gt> to tlu^ imh's wh(M‘(^ 
t\my may l)e seen still condens(‘d at the t(‘lophase, when the otlnn' 
chromosomes have aheady b(M‘onic vesi(ailar. 

This brief description indicat('s that tlu' (‘ffec'ts of a short 
radiation are very slight. Thei*(‘ is little e\'idencc that the 
protoplasm has ])een injured. A longin- (exposure imdoubtcally 
would produce more m [irked injuries, but such an exposuri^ is 
difficult to imdv(‘ in viiuv of tln^ faiU that s('a urcliin (‘ggs .are 
extremely sensiti\’(' to overcrowding and to a prolongial st;iy 
in small quantities of water, conditions which [U‘(‘ luaa^ssjirily 
imposed diuiiig radiation. 

DISCI SSIOX 

The oharaeter of tlu' I'l^sponsi^ of protoplasm to radimn i‘adi- 
ations depends on tlu' nature of tlu' pi’otoplasm itself, and on tlu' 
intensity of th(‘ (axposurca In n^gard to tiu’; first ])oiut lilt kmain 
be said except tliat cells ditler from (aai'li otlaa* in their susc(‘pli- 
bility, wholly ai)art from th(' fact tliat (‘ach cell varh^s in sus- 
ceptibility during different phases of its own .activity. It has 
been pointed out th.at an exposure of thirty mhiules to thebetji 
rays will bring about in tlic (liATioping sea urchin clianges which 
are as proiiouncd as those produced in Nereis afba* ninety 
minutes exposure to rays of the sam(‘ intensity. Soivh' Protozoa 
are entirely unaffected at the end of fourUaui hours of exjmsiire, 
while otliers are killed in a shoi'ter piaiod. Th(‘]-(‘ is a similar 
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variation in the responses of the ]^>acteria. 01)viousIy, those 
cells wliich ar(' injured contain substances \\-hich absorb the rays, 
\\'hih‘ thosf' which are uninjured allow the rays to pass through 
unclianged. The factors which determine the power of absorp- 
tion of niat(‘rials are not well known. ''The absorption of beta 
rays is an atomic [)honomenon and is not affected by the chemical 
combination of the atoms. Such a relation appears to hold 
generally for all types of radiations emitted by radioactive siil)- 
staiices” (Kutlua-ford). Until more is known on this point it 
will l)(‘ impossible to predict what effect a given exposure will 
produce. These facts throw no light on the nature of proto- 
plasm, but accentuate the point that the protoplasm of one type 
of cell diff(M-s from that of another cell. 

Disregarding these diff erences, it may be said that a weak 
radiation accelerates, and a stronger one retards cell division. 
Acceleration is not followed })y any abiiormality. A careful 
study of this point has been made by Lazarus-Barlow and 
ih'ckton (T3) who used exceedingly small quantities of radimn 
on Ascaris eggs. Tests made upon many thousands of eggs 
showed that cell division is accelerated when the exposure is 
not too prolonged. After an optimum length of exposure the 
rate of cell division is gradually retarded. 1 have shown that 
s(‘a urchin eggs are accelerated by a weak stimulation. The 
kind of rays seems to make no difference with the result. In- 
asmuch as the gam TO a rays are very penetrating, and therefo/e 
are not absorbecl to any extent, they are the ‘weakest’ and must 
be allowed to act for a long time before they can produce aJi\’ 
(hect. The beta rays are more readily absorbed and will pro- 
duce an acceleration if not allowed to act for too long a time. 
If the alpha rays are allowed to act in unison with, the othei 
types, acceleration will folhnv after a few seconds' exposure. 
The.'^e I'ays are about (me hundred times as effecti\’e as the beta 
rays, and tlie beta rays are more effective than the gamma rays 
in the same ju’oportion. These figures correspond roughly tc 
the respective jiowers of ionization of the rays. 

Betardation follows a moderate radiation of the beta rays 
This effect is not jieeuliar to them, for if they are mixed witl 
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gainiua rays the results are tlie same provided (he intensity of 
radiation is equal. The effect is cumulative, and ])ersists 
throup;h many cell generations i(’arrel ’14h This is slunvn also 
in the experiments on Xereis and on Arhaeia. It has also In'en 
found that a radiated cancer, in which cell division has been 
retarded by exposure to the l)eta rays, may lx* transplanted 
several times and still show the (dfects of the radiation. Thei'e 
is no appearance of abuoi’ijial develo])m(Mi( . or of any visible 
changes in the cell constituents. Tin* treatnuait. in (“very case, 
has served merely to decrease the i‘at(' of in)nnal metabolisin 
without disturbing the pi'ocess its(4f. 

A very strong radiation with the beta lays (which must n(‘(‘(\'<- 
sarily be mixed with tlie gamma rays) or with all thi'ix^ kinds at 
once, results in ])rofound moiphological changes in tin* {’ells. The 
type of changes thus induced varies in different cr“lls. In the 
sea urchin and in Ascaris th(' uiudeus is juost rixidily affcct(‘d. 
In Xereis, on the other hand, it is the protoplasm which hrsl 
undergoes degenerative changes, \^'ll(dher this is diu' directly 
to an ionization of tin* cluanical compounds of protoplasm is an 
open (luestion. Inorganic materials ar(^ ionized during radiation, 
but living matter may not be affected in the same way. A lytic 
action occurs, as shown in the licpiifying of tin* protoplasm in 
Xereis, and in the breaking u]) r)f the chromatin of As{*aris and 
Other forms. 

• These profound ehaiiges in the |)hysi(‘al constitution of tin* 
cells is aecomiHanied by changes in the Ixdiavioi* of th{*ir con- 
stituents. In this respect cells differ great! \'. In .Vsearis the 
achromatic portion of the initotic figure is uninjured, while tin* 
chromatin is broken up into granules, fn Xer(*isy on (lie con- 
trary, the chromosomes split with great jirecision, but the spindles 
are abnormal and are soinetiiru's entirely absent. Hut I have 
never found an egg so injured that it did not make some att(*mpt, 
however abortive, to go through its usual de\'cloprnent. 

The hypotheses which liave been advanced in explanation of 
the phenomena which follow a severe radiation vere discussed 
in a previous paper (Packard T4). Hertwig’s \d(*w, which is 
based on a study of forms in which only the chromatin is injured, 
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is thut prolf)rip;('(i exposure may so injure the chromatin that it 
is unahl(‘ to play a part in cell division. If the sperm alone is 
radiah'd, it m(U‘<“ly acts as a stimulus to induce in the egg par- 
thetiogeiietic d(A'(4opm(uit. If the egg is radiated, the sperm 
nucleus aloia^ divides, th(^ egg nucleus taking no [)art in sub- 
se(pient (h'v(4(ii)in(‘nt. A less severe radiation of either element 
s(‘r-ves to generat(‘ in th(' chromatin a poison \^hich brings about 
abfionnaliti('s in growth. 

I hav(‘ l)(aai unable to find any evidence of parthenogenetic 
(IfA'eloi)ment (dtlier in Nereis or in Arbacia. AMien the eggs 
ar(‘ 1 ‘adiated development is either diploid or does not occur at 
all, ddie same is true if the s])erm is radiated. If the eggs 
or sperm ar(‘ not gi-(*atly injui’ed development is diph)id but 
abnormal. 

It is (‘vid(‘nt that no generalization on the effect of radiations 
can b{‘ based on the b(‘liavior of a single form, for it has been 
shown that ai-e sevei-al types of response among the cells 

already studi(Ml. Nor caii we assume that tin' effect is directly 
on the nucleus or on tin' ■i)rotoplasm. If it were on the former 
we should expect that exposui’c of the cells during the resting 
stag(‘ of the nucleus would l)e followed by greatei- abnoi'inalities 
than would obtain when tin' radiation is made during mitosis, 
since in tin' formei’ ])eriod the chromatin is moix' finely divided 
and pn'si'iils a huger surface to the rays. But the reverse is the 
cas('. Afottram ('Kb has shown that Ascaris eggs are eight 
times mor(' suscei)til)h' during di\ ision than during the resting 
stag(': that is, there are eight times as many deaths following 
an exposun' made during mitosis than during the latter period. 
It' has also bec'ii observed that cancer tissue is much more suscepti- 
!)!(' to the rays wlieu it is groAving rapidly than when it is noarh' 
stati«Hiary. This indicates that an explanation for these plienom- 
('iia must take into aceount the diffoi’cnces between the i)hysio- 
logical state of tin' cell constituents diu'ing these periods. 

Diu’ing tlie resting i)eriod the interchange of material l>etween 
nucleus and protoplasm is small com])ai-('d with the amount 
whicli takes ]dnco durijig cleavage. .Vt the latter time the 
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anioinit of oxygon which is taken in and of carbon dioxide wliicli 
is gi\'t*n off is greatly increasoil. Tlio agents eojuaa'iied in the 
utilization of oxygen and in the prdduction of carbon dioxide 
are undoubtedly the intracellular enzymes which during division 
are more active than during the resting p(a‘iod. Acceleration 
of the norinal metabolic ])rocesses must uec('ssai’ily involve' a 
quickening of the enzyme action. In like niama'r. ndardalion 
of those processes is connected with a slowing down of tin’ activi- 
ties of the enzymes. 

According to (uiger ('OS), “The lu’oadi’st. and at the same time 
the most definite generalization warranted by the work done so 
far is that the rays of ]‘adium act as a stimulus to nuhabolism. 
If the stimulus ranges Ijetweim minimum and o])timuin points, 
all metabolic activities, wlietliei’ (*onslructiv(‘ or destructiv(', 
are acceleriited; but if the stimulus incn'iises from the optimum 
toward tin; maximum ])oint it Ix’conn's an ovca-stiimilus, and all 
metabolic acti\'ities ar(’ d('press(Ml and linally coniph'tely in- 
hibited.” The fact that enzynu's may b(' a('c(‘I(‘rat(‘d or nhankal 
has l)eeu shown by Richards (’14 b) who stall’s that an exposuri' 
of two minutes to X-rays produces an acci'leration in tln'ir 
activity, while an exposuri' of niori' than liv(‘ ininntes causes a 
retardation. If we assunu' that su(*b I’cactions ai‘(' du])li(ait(Hl 
in the living cell we havi’ a logical explanation for tin’ jdamoiinma 
which have l)een descrilicd. 

. Th(’ results of these cx])crim(m1s siiggi'st furtlu'r lini's for re- 
seai'ch. It has been shown (hat in th(‘ sea urchin tin' chi'omo- 
somes are not all aff('(‘ted in a similar manner, for sonn' ari' 
(evidently injured whik' othei's aix' not \'isibly ('hanged. Payin' 
(;d3) has pointed out that when tlu' (gg of A.scaris is nnnk'rately 
stimulated, the elii’oniosomes show marki'd difh'renci's in their 
reaction to the tn'atment. .\f1(’r (In' (gg has divnk'd, it is found 
that' the eliromatin of tin’ sex cells is noti(‘eal)l\' dilli'nmt li'om 
that in the somatie cells, d’his indicates that tin' two kinds of 
chromosomes are physically different, as Rovi'ri has statink 
This point can 1)(‘ tested liy studies on the r(*actions of tin- chro- 
mosomes of those’ bugs in wdiich the X chromo.sonn' can bo 
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(lis 1 iiL^ 2 ;uishc(L And sliould tho l)(‘havif)r of the ehroinosomes in 
A>(‘:iris fiiHl a (■()uiit(‘r])art in tlu^ behavior of the chroniosonies 
of file bii^s we would ha\'(‘ a simple^ and (‘levant method of testing 
soni{‘ of th(' hy])othes(‘s eomaa’ning the nMe of the X chromosome. 

SI'MMAItV 

L \(H‘y mild radialion by imams of the gamma rays from 50 
mg. of radium bromid(‘ |)rodiices an acceleration in the rate of 
c(‘ll division in Arl)acia witliout producing any altnormalities. 
41ies(^ raAs lia\'(‘ no (‘ffect on the development of Xereis or 
J )rosophila. 

'2. Moderab' stimulation by means of the lieta I'ays. obtained 
by separating tlaan from the gamma rays in a strong magnetic 
field, brings about a retai’dation of growth in Arliacia and 
Xereis, which is follow(‘d b>’ no abnormalil ies. 

3. More intense radiation in wliich both beta and gamma rays 
art* used, ri'sults in a liipiifying of the ])r()toplasm in the Xereis 
('gg. aiul the d(‘\’el()])m(Mit is abnoi'inal. Tlie t‘ggs of Arbacia 
siiow no protoplasmic changes, but the chromatin is injured. 

4. 44i(a-(‘ is no e\ddence for ])arthenog(‘netic devidopinent. 

5. Acc(d(U“ation and retardation ma>' be caused by a change 
ill th(* rat(' of enzymt' a(*tion brought al>out by the radium 
tnailnaad. 
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]:X}M,A,\.VI [ON I'KM KFS 

All I.Ik! <li;uviii^H \von> iiuulc with I ho oatncrn. hioiila. Lnloss otlierwiso stated 
Lho is X sr.K i-'i^inc-s 1 lo la i]i{‘lusiv(! sliow the development of 

Nf'i'ois midor the (;<»iidit ions (losrriljod ; fimircs 1() to 23 an' of Ar])a(‘ia. 

1 Drawn fr(»ni tht^ living egg. X 17r>. 'Fliis egg had lies'll radiated with 
rapid Ix'ta rays at 4 inm. for 1 honr; drawn just hofon- ohaivagc. d’hi’ \'erv wide 
porivii.cllino spare is traversed hy (h'lirate strands n-presenting llio walls of the 
al v('oli. 

2 Si'ctioii of (‘gg t.r('at(‘d as above: 3.) iniimp's aft<‘i' insemination; the softened 
pnh,o]»lasm at the periphery has Ina-n ])ulle<l in iiiidcM' the infiiienee of tlie aster. 

3 I'.gg radiat(‘d fcu’ ].* hours with both l apid and slow })cta rays, 40 minutes 
after ins(‘minat ion. 'I'Ih' j)rot<ipiasm at tln' jX'ripliery lacks tlie usual granular 
appearanee, 

1 S;Uiie treatment. 10 minutes after insemination: tin* protoplasm is vaeuo- 
lated. 

.') Lxposure a.s in lig, 1. 3o ininutt's aftc'r insemination: thi' s])erm lias begun 
to ['liter the (‘gg, 

(» Same, lo minutes afti'r insi'inimition : t.he spm'in is now in tin* center of the 
I'^g- 

t I'.gg exposed to tlu- slow and rapid rays for 30 and 50 minutes after. 

^ S:ime. 70 iiiinul^'S aft('r itis^'inituition. 

!i Same, (>0 minutes aft(*r insemin.-ilion. 
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I^LA^rK 2 

KXIM^ANATIOX OF FIOFliKS 

1(J S:iitic, liO iiiiTmt-cs iiisctiiioul ioi^ ; tlic .spenu is still external. 

11 ('\i>os('<l to rapid beta rays at 1 uiiii. for l.l lioni’s: tlie ehrtnnosoTnes 
liavo sj)lit. in a uortiial f'asliiuii ; Id luiimlos aft('i . 

12 Saiiir. ~h) niitiutcs after iiis(Oi iiial ion. 

Id Same. .V> minut(‘S after; tlie whoi(‘ ejrii: i.s filled with t.h('S(' vi'sieh's. 

11 Same. 70 iiiinnies aflei' insemination ; elcaivage is superficially n'fiular 
lint s he ilisi rilmt ion of elirninosoii'es is almoi n :d, 

l.a Sani(“, 70 inimifes afk'r lns('ininalion : the sperm has not. onreia'd and no 
polar liodic's ha\'e heen ^Iven off. 

It) to 'Jd Sea. urchin egp:s ; in (>aeh (aise tin' eggs wore exposed to the i'aj)iil am! 
slow rays a<'(ing at 1 nini. distama'. 

It) laiitraina' of the sptnni Inaid: 2(1 minutes after insen ination. 
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1M.AT1-: 3 

KXI’T.AXaTKJX (H' i'Kil’KKS 

I' •' "It oi file spciiii uucicus; ( hrr(‘ is no sifiii of abnoniialiiy ; 

I-) mitnili's ullor itiseinin.it i<io. 

Is loisKin of (h<‘ (riTiii nucl(M: 30 Iiiimitcs afti-r insojiiiinn ion. X 1700. 

1!) 'I’lio iinclciis; ilin clininialin is in very dnlinal.o tlirourls: sonii; of 

llio olirmiiatiii is irn'^iilar inxlins; (W) iniiiiitos after insemination. 

X 170(1. 

JO batin' si a fii' in l.he iorniat inn ot ilir eln'oiiio.sonies ; 00 niinute.s after inseini- 
iiatinu. 

21 Jusi before (lie propluisc. X 1700. 

22 rro[)lias('. 1 la- injured ehroiiiatiii lias assiinual a variety of sliapes. anil 
is irieuularl\- dist rilmtiaj. X !700. 

23 .\napli:is(‘ ol ilm lirst eleava<:e; llii' iiijuri’d ehroinatin is lafi^iiiu. Indiiml. 
X 1700. 
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THK V.FFKCT^ OF CAK]U)X ])IOXl])l«: OX TH1-: I-CCIS 
OF ASC'AKIS* 

rin:opiiiLT:s s. paim'kh. 

(Instruclor in (ho Shefilelil Scientific So]n)»>n 
Frtnti lh(' Oslutni Ztinhujii'iil f.iiliDi'nloi'H, ) ult I mrcysilii 
ti:\t FKirni-.s and TiniKi' I'I.atks 

The inat('i-inl upon whieli th(' pn'scMil study is luiidt' was 
placed in caiFon dioxide on July 14, and removed on October b, 
of the same y(air ilDKb). Prof('ssor l^()\a‘ri. in an a1ti‘ni])t to 
keep the (*^^s of Ascaris for a lou^' tijiu^ without allowing them 
to undei’go (hw'elopmentdnid a number of suHNirs" from oiu' femak' 
i^laced in a stop])(a-ed ^lass jai*. Th(^ aii' of tin* jar was tluai re- 
])l.aced l)y passing’ a cui'rejd of caiFon dio\id(' throu^li it loi' an 
liour and a ludf and, after s(adin^ it can'fully to pnwaad tlu' 
escaj'io of the ^as, it w'as ])la(‘(‘d in a l)as(Mn(ait room in the Zoo- 
logical Iitstitute at A\'urzbur^. 

At tlie time tla^ e^jis wau'e placed in tlu' ji:a.s, no ill (Jtects \v(‘re 
aiiticipat(Ml. conse([U(uitly, no control sm(\ars w(M‘(‘ pn'scawasl 
to show th(^ exact nuclear condition in which tlu' were 
at that tini(V and, (d’lfu- tlu^y wvir i“('mov(al Irom th(‘ ji;as, they 
were ])laced direct h' on ice wlnae lh(“y i‘(anain('(l until used. 
When a few smears \vere alhiwi'd to umhu'^'o lull d(W'(4o])m(‘nt 
later, it was found that oidy part of the woiins wvrv normal. 
Ih'ofessoi’ Boveri called my attcaition to th(' fact and placed the 
matcu'ial at my disj)osal 'witli tln^, su^^estion that 1 determine 
the ca.use of (h(‘ abnormal development which part ol tin' worms 
show'od . 

-\lthough the material for tliis study wais obtained in Wlirz- 
bui'j^’, the greater part of the woi’k has Ixaai doiu' sinc(‘ iny r(‘turn 

1 A jircliiniiiarv note on iliis sulijcct lias bc(‘n i)ul)lis}H'<l by (he author (Ph tj. 

- Tin* smears were niaile on ordinary niicroscone slides li.eeurdinfi; to lioveri s 
\v(dl known method. 
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to America. I take this occasion to express my thanks to 
Pr(jf(‘ssor ]h)V(‘ri for suj^^estiiig; the problem and for placing the 
lu'cessary material at my disposal. 

In f)reserving the eggs, a mixture of 4 parts 05 per cent alcohol 
and 1 ])art glacial acetic acid was used. They were stained 
in loin and moimt(‘(l in glycerine. 


DKSCIillTIVi: 


Anujug the embiwos which had been allowed to undergo full 
development, one finds perfectly normal specimens; specimens 
in which only om^ (aid of the body is developed; and lastly, 
totally disorganizfMl emliryos. The problem was primarily 
t(t dfdermiiK^ the causes which ])roduced the abiun’inaiities 
<>bserv(Ml, but as the work went forward a number of other 
(pK^stions of general intcu’csl came u]) which will be touched upon 
111 the following papiu’.'* 

A drawing of a normal worim whiih dcAadopial from an egg 
exposi'd for tlinn^ montlis to carbon dioxide, is given in figure A. 
A l)lunt auterioi- (Mid with the pharynx and th(‘ {lointed postmuim 
(Mid may be simmi, and, in addition, towai'ds the postiuMor part of 
the body the large deeply-staining nuclei of the primordial 
germ (ahs. Typically th(M-(' ar(^ only two of the latter but 
oc(*asionally mor(' occii]’: in oik' case six weia^ present. 

The abnormal embryos are of two geiuM’al tyjies. One of thi'se 
has the posteihu' (Mid of tlu^ body fully developed while the 
anterior (Mid is disorganized. Tlu' second tyjie is characterized 
by th(‘ abseiKM' of orgtiuizatioii in its blastom(u’('s. The first 
type of (Mubryos is shown in figure lb This occurs in roughly 
])(n ('(Uit of the embryos (in 54 eases out of lh5 examinc'd for 
the [loint ). The ])oiuted posterior end is clearly seen together 
with tlu' primordial germ cells, but there is much variation in the 
d(‘gr(M' to wIiLch the jmsterior part of the laxly is develo]ie(h We 

•’ A i)ri(M' of tlio iiorniiil dev(.’U)]Hiiont of Ascaris is given on page iiGT. 

.Any (Hie not faniiliar with llic cleavage, or with the iu;h nernMal tire, in this worm, 
will find it. indjiful to read tliis ovi'v tngotlier with a glance at the selieiiKitit' dia- 
grams given, d'he nomemdat un' ot liovei i iia.s been used throughout the present 
work. 
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may, in rare cases, find fully s(A'(Mi-(T^ht hs of tlu' worm normally 
formed, or we may find nothing hut a ])ointed stump: fij[>;uroB 
gives a fairly typical case. 

An example of the second type of (unbryo is given in figure (’. 
Such individuals are found in about 40 i){a- cent of tlie cases (06 
cases in Uioj. The great('st variation isnot(‘d in the app(‘arance 
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t)(' such (‘iiibiA’os. Typically they consist of a mass of cells, 
aiiiori^ which oiif' may distinj^juish the primordial germ cells, 
hut no organization (exists and (piite finrpiently it is o\'idcnt that 
no ch‘avag(‘ cavil}' was ever foniHal in the embryo, consequently, 
that gastrulation liad not taken [)lae('. 

h'ggs ]>reservfal as thr'V wer(‘ taken fi'f)m the ice chest, Avhere 
thf'v had b{'(ai sinc(‘ their nanoval from the fdb, showed a slight 
amount of dfAadopuHait. All of them had divided at least once, 
and sonadhing h'ss than half (227 out of oOb eggs counted) had 
reached the d-c(dl stage. Occasionally, in such a preparation, 
a 4-e(‘ll stag(' is found. 

An (examination of thes(' d-cell stages (tig. 1) shows that the 
Si blastoiiKM'c' has (li\'id(‘d to form tin* A and H (‘(‘11s, while the 
P] blastomere is in a ^'(‘sting stage.* Th(‘ nu{‘l(‘ai' condition of the 
.V and B C(‘lls is normal; as may be s(‘en by the ligure, waste 
chromatin 0 ('cui-s in on(‘ oj‘ Ijoth of tlu‘ ci'lls showing that the 
diminution process lias taken place, but the two cells do not 
always li(‘ pr(‘ssed against (‘ach other as is normally the case 
(compar(‘ (ig. I witli text fig. k'). In bO (‘ggs out of 78, (^xamiiUMl 
at random for this point, th(‘ A and B blastomen^s were s(q:iarat(‘d, 
in extreni(‘ cas(‘s th(‘ two cells lying on op])osite sides of the Ih 
(‘(‘ 11 . 

Among th(‘ (‘ggs in the 2-cell stage, 101 out of 278 cases showed 
th(‘ S| c(‘ll dividing, vvith the chromosomes in the ecjuatorial 
plate phase. The remainder shoAved resting nuclei in both the 
Si and Bi blast omeres. A close examination of the equatorial 
plates in the dividing cells shows an abnormal condition of the 
chromatin (figs. 2a to 2d). Figures 2b, 2c, and 2d are drawn 
at a higher magniheation. In pi’actically cA'cry case (IHi out of 
101 (‘ggs ('xa mined for the point) the chromosomes Avere found 
fused together. dOiis fusion seems to affect the (‘iids principally 
(^tigs. 2a, 2d) leaving the middle portion fi'(?e. but in extreme 
cases even the middle parts are iuAailved and all four chromosomes 
are clumpial together into one mass (figs. 2b and 2c,). One very 
constant feature of this fusion is the formation of Avliat ap])ear 
to be vax'uoles in the fused ends. It is also to be noted that AA’hen 
only the ends of the chromosomes are invohmd the middle 
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])ortions luu'o the noniitil rhuiijXHl or luinptHl appearaiieo which 
precedes diinimitioii iconi{)ar(‘ {i^-. lM with hi. 

In rare easf's, both tlie S, and the V, (adls wcau' dividiuLi; at the 
same time (tig. iVi. When this oeeurnMh 1 Ih‘ (“hromatin of tlu^ Si 
idastomere sliowcal th(' Insed condition, whih‘ tlu' eliromos(»mes 
of the P} cell were aoimal. 

In the 2-cell stages with tlu' nin‘lei in ilu' rc'stiiig phase, no 
(k'pai'tui’es from the normal could !)(' distinguished. 

When th(' eggs are allowcal to d(A’elop a shoi't tiim' lu'fon' they 
are preser\ed. the Pi hlastoiiKax^ Ix^gins to divide. P1 m‘ (‘hm- 
gated chromosomes, so characterist ie of 1 h(‘ ])rimordial germ cells, 
ar(' always found and asid(' from the axis of division, tlu' C(dl 
app(‘ai's normal. Here and tluu'e a t(‘nd(mcy for tin' four chro- 
mosomes to l)reak up has Ixhmi not('d (t('xt fig. ,1 and L), hut. 
this is not to !)(' regardial, I think, as an (dfcaU of tlu' (dh. Pin' 
})oiut will be taken U]) in detail lat('r uiuh'r the Inanling 
'Anomalies,' 

If tln‘ (‘ggs ar(' allowed to d(W('lop furdn'r until half ar(‘ in (In' 
4-cell stage, a variety of conditions ai“(' found in tin' 4-, d- and 2- 
(‘(41 stag('s. Xeedless to say, tin'se xarious conditions aris(‘ out 
of th(‘ 2- and 3-c('ll stages (h'scribed abo\'(v 

Among the 4-cell stag(’s \\v find thi“(*e diflcrcait typ(‘s of (aii- 
biyos. One of these' (fig. 5) is pc'rfectly normal, both in (In' 
position of the blastomeres and in their tiuch'ar conditions. A 
speond type is (‘haracteriz('d by tin' failure of tin' four blasto- 
metvs to form a i4iombus, as tln'y normally should do dig, 4).* 
Most fVe([U('ntly tin' ])lan('s (‘omu'cting tin' two pairs of blasto- 
meres lie at I’ight juigk's to oin' aiiotln'r, but this is variabha 
('veiw' imaginabh' condition Ix'iiig nn't wu’th in a larg(' uumb('r of 
eggs. Tin' third ty])o is oik' wln'fr'. In addition to an abinnanal 
])()sition of the Itlastomerc's, w(' find an mi('(|nal distrihut ion of the 
chromatin l)etw('en the .V and H blast oiin'i’('s dig. b; this drawing 
is of a 3-e(4l stage, s('l('(‘ted be(‘ans(‘ it show s particularly w('ll tlie 

‘‘ It is not to bo that vai'ioii.s positions wliich the A tiinl li blaslo- 

tneros nofii])y aro just i)}iasos of the iiorinal sliiftinji' wliirh l■t;rtaitl ot-lls rtf tho 
uiidorgo about lliis [Koiod, As will bo soon, T[i('st> )>()silinns am rfSaiiU'd in bitor 
cleavage. 
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niK'fjiuil (listriliiitioii of the cliroinittiii). Here we fail to find 
tlie iisujil wnste ehroinntiii iiL either the A or cell. On the 
()tli(‘r hEind, ojk' of tlir‘ eidls in such ej^f^s always contains a very 
lar^i;e amount of (h^eply-staiiiin^ reticular chromatin (fi^. 6) 
whil(‘ its mate lacks this. This is a very constant feature of ejy^j»:s 
in which tlan-f^ has Ixam an umajual (listiibution of the chromatin 
between the A and B l)]astoineres. 

Amon^ th(* d-C(‘ll stages theie is always a certain proportion 
of which ai-(‘ p(U‘f(a‘tl}' norimih as fai- as can be deterniined. 
The S, cell is divided, tla^ blastomeres lie f)ressed up against 
each other, and the waste chi-oinatin lying in the cyto- 
plasm of these (a^Ils indicates that diminution has taken ])lace. 
d'her(‘ is a sc'coiid type of 3-ccll stag(' which is very striking 
ffigs. 7 and S). In tlu' (^gg shown in figure 7, the Ih and the 
ITMSt blastomeres iiave sc'parated are in a stage of di\’ision, in 
fact while the Si (*(‘11 is undivided and contains a tetraster. 
Figure S shows the sanu^ condition of the Si cell and in addition 
w(' not(' the ('nucleated protoplasmic l)all lying on top of it. 
Ifggs showing tetinstc'rs usually, if not always, ])ossess this pro- 
toplasmic ball. In figiu'e 7 it is present, but lies under the other 
cells and is imt shown in the drawing. The amount of idiro- 
matin b(gw('(m tlie foui‘ eenti'osomes of tlu' Si cell is very large. 
It may be undergoing diminution or we may find the elongated 
chromosouK's still ])r('S(^nt. In the latt(‘r case, one may usually 
count (Ught chromosomes lying in the spiiuiles. In tcwt figun' I,), 
an ('gg is shown with a history similar to that of the tetraster 
('ggs, hut for some reason, the ceiitrosomes have failed to divide. 
In this resp('ct it is exceptional but eight chromosomes and the 
charact('risti(‘ i)roto])lasmic ball are both clearly seem 

The 2-c('ll stages usually show the Si and tlie Ih blastomeres 
undergoing division (fig. {)]. Fxcept for the axes of division, 
whi(‘h fi'ecpiontly do not occupy normal planes with regard to 
(xieh other, the division figures are typical of the untreated eggs: 
and the lumpy eoiiditioii of the chromatin of the Si cell, whieli 
pivecah's diminution, is seen. 

.V number of snu'ars of eggs wert' [ireserved when the embryos 
were in or just beyond the 4-eell stage, and in these, we find a 
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treiueiulous \'arKLtioii in tlu' pi‘o|)(H'tioiis in wliicli tho 

various aiuionnaIiti(^s ([('sorihed nhove oerur, l]i oiu' pnipaoil ion 
over ;.)() per cent ol the e^;j^’s sliowinl m ({'trasier in tli(‘ Sj blast (t- 
inere, or slunved tlie latei’ eff(a*ts of it. lu othor sliders only a 
very small pi'o])()rtion ol the (‘^^s showed this ahnormalitv. 
1 he ])roportiou oi the which showtal an inuHiual (list rihul ion 
of the chromatin betwecai tlu' and H blast onu'n's, show('d tlie 
same variation in dilteiant slid(‘s. {)n ih(‘ ollua' hand, tlu'fail- 
ui’e of th(' blastonu'rcs to form tlu' rhombus is an abnoi-mality 
found in a, lar^'(' ])er (amt of cas(‘s on vyvvy slidia 
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Ill the lai’^ci amoimt of mat(M'ial whi(‘]i was pr('s(‘rved at fre- 
yiumt intervals aftcu’ the 4-C(‘ll ])(a-iod. it has Ixam ])ossibl(‘ to 
follow the res\ilts of the abnormal conditions d('scrib(al through 
the later dcnadopnient. Of (aairse, as cl(^avat^(' prot^r(‘ss('s, it 
becomes increasingly difficult to follow th(^ coiirsf^ of tlu' indi~ 
victual blastomercs, ('xcept in tlu' cas(' of th(‘ ])rimordial g{‘rm 
ceil. The latter is usually conspicuous on account of th(‘ larg(' 
size of the nucleus. An analysis of th(' later stag('s has Ikmui 
facilitated by the use of clay models of the ('ggs and a com- 
parison of these with the excellent figures gixam ])y P>overi fd)9). 
In this way it has l)een ])ossibl(‘ to detcM’inine yvvy (,‘xactly the 
plane in which a given cell is di\’iding, and tlu^ ndation it will 
have to the rest of the blast oiiie]'(w. 
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I*'()r tfi(‘ sak(‘ of (‘l<‘ariH^ss. (lu^ course^ of the dif^’(M'(‘ut typos of 
will follow(‘d sf‘pai'atoly throu<j;h latf^r (‘l(aivati;o in the 
following dosia'iplioiL 1 la^sc will taken U]) in l}i(‘ following; 
()i'd(‘r; ^aj d'lie <^rfe(‘ts of th(‘ {ihnonnal positions wliieh the Si 
d(‘ri\'at i\'(‘s take in ('l(‘a\ag;o. fl>) dlie i‘(‘suit of the uiuaiuul 
(list |•ih^l{ ion oi \\w eliroiiiatiii hf'twiaai tlu' A and B ])lastoni('res. 
M'l 'rii<‘ fair of the 1(‘1i-a>1(a' egg’s. 

.' niongtlie 1 roam'd (“gg,> tlHa‘(‘ is always a ecalain ])(a* e{ait wliieli 
ar(' perf(‘elly normal. Tlu^ 4-e{'ll stag(\ sneli as shown in tigiin^ 5, 
is followed hy Ili(“ division of th(‘ A and V) l)lastomor(‘s in a plan(‘ 
ap|)roxinial(‘ly at I'ight angle's to the* jdane of the i)at)er upon 
wliioli the (li’awing is gi\'(‘n leoinpares with fig. (i). Following 
(his, (In' B'. and lAMSl e(41s divide' in tin' nn'dian plane of the 
enihryo (eoinpai’e' with fig. 1), and throughout tin' later cleaA'- 
ag(‘, thr analyses with nnxh'Is show that tin' noi'inal de\a'lop- 
nn'iit is eoiiliiUH'd. 

Fin' ({('vc'lopiiK'ut of ('inbi’vos in whieh the A and If })]astonn'res 
occupy ahnormal positions in tin' d-e'ell stage', may Ix' followf'd 
with eas(' u}) to tin' tilin' wlu'u tin' S, derivatives number lb ei'lls. 
From this ]){)int on, such {'ggs are' not In' to distinguisln'd from 
normal embiwos. Idguix' 4 shows a ty])i(‘:d ease' of tin' iiositions 
wliieh the A and B (‘oll take'. In figure 10, we' se(' Ihese two 
ce'lls dividing. The' diminution ])roe('ss is taking jdaen' normally, 
but (In' plane's whie'h the di\'iding e('lls oe‘(‘upy, inste'ad of being 
jiarallel (eouipai’e' with the' noi'inal as shown in fig. (1) are' {\t 
right angle's to (aieh either. The re'sult of such a division is shown 
in figure' 11. In the e'gg slmwn in figure 12, the' e'etodermal eedls 
are eight in numbe'i- and the FMSt ee'll has diviele'd in the' median 
plane' of the' eaubryo. The' Ik ('('11 is in the eepiatori.'d plate ]diase 
of division. The elongated (‘hromosomes charae'teTistie of the 
primordial germ ee'll are' e'k'arly se'e'ii. In figure 14, we' sen' a soiut'- 
wlnit latew stage'. Both the' Ik and FiMSt blastouieres have 
divide'el. It is e'spe'eially to be noted that the AlSt blast omere 
doe's not Ih' in the nu'dian plane' of the emliryo (the' JAMSt cedi 
divide's into an K and an .MSt cell: these normall}' lie in the me- 
dian ])lane‘ of the enubryo. ('oinpare with fig. 1). It is very 
I’.ire that we line! the' ITMSt cell dividing in any ])lane but the 
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luodiaii, l)ut in {^xaniiiu'tl affcr lh(‘ divUion. \\v fiviiiKMitly 
find tlie AfSt hlastonu'rr lying ou1sid(‘ of tin' nii'dian ])lanr. In 
thoso cases, the A and B del■i^'ati^■es ai‘(' very asyinnu'1 rically 
disinbuted o\-(‘r tlu' dorsal ])ortion of tlu' embryo and it si'ciiis 
tfiat tlicse cells push tin' AFSl blastom('r(' oiil of its normal posi- 
tion. This is inon* appai'cmt on mod('ls ot tluM'ggs, of cours(\than 
in figures, ddie probabh' signifi(‘aiice of t his will be (aki'u up iat('r, 

^^any huudi’cds of eggs similar to those' shown in ligure's 1(! to 
Id iiave been aiialyze'd. The abnormal positions of the A and B 
cells are i‘('tained, llu're' is no shifting to form tlu' rhombus, at 
h'ast it is imt usually r('ali/ed. the' ('ctode'rmal c(‘lls d('ri\a‘d fi’euu 
the Si l)lastomei‘(' take' up positions e)n alme)st any part of the' 
egg. Thus th(' bilate'rai symnu'try of the* I'liibryee may lu* 
completely lost and. w'hat is foi* onr study men’e' siguiiicanl . 
the members of the veaiti'al family. e‘sp('e*iall>' the' .MSt blast o- 
mere'. may be' move'd out of the' nu’dian plane'. 

The most striking re'sults of the' uue'ejual distriiuitieen of the' 
chromatin Itehve'en the' A and B blast onu're's is slietwu in figure' M. 
Asiele from the' positions which the'se' twee e'e'Ils have'. \\v se'e' that 
emc is elividiug e'ai’ly aiiel that it f'eeutaius eeuly a. small nuinhe'i- 
eif se)matic chromeesome's in the' spiiielh'. The' mate'. e)n ihej 
other hand, shows no sign of eli\ isiom and it will he' imte'd that 
it contains a very large' uuck'us ■' ('e)nipare' lig. M with. fig. <1). 
This re'sidt ahvays follows the' uiie'{|ual (list riluit ion eel tin' ehro- 
yiatiii, appare'iitly, auel the' e'ai’ly division eel the eene' e'e-II upse'ts 
the' el('a\age rhythm of the S^ d('ri\ at! ive's. If tiie* elist rihiit ion 
has he'e'ii \e'ry ^me'^'{'n. the'U one' eef the' ce'lls may ilivide' twie'e' 
hefeere its mate' cle'aw's. With a unnv e'einal elist rihut iem the* 
rhytiun is neit so mai'ke'elly npse't. lent in any ('veiit the' e'ud I'e'siilt 
is the same': the Si ele'iTatives he'e-eeme' scatte'ivel irre'gulai’ly ove'r 
tlie surfae.'e of the embryee, the' symnu'try or halanee' ot tlie' e'ln- 
lu'vo is upsed, and prohalily tne'mbe'i’s of tlie* w'litral family am 
])iisheel out eif their noianal positions, as was the' eatse* with tlu^ 
egg shown in figure* Id. 

The; elovelopmoiit of tlie* e'lnbjTos wTich showe'd a tetrasteu* 
in the; Si blastomen*. is extre'ine'ly varialile. both in the; numbeu' 
of ceils fornmel by the divisiem and in the' distribution of the 
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ffii'onijititi. A typif'iil cast' is shown in h^uro To. Hen^ there 
are six cells besides the Ih> and liMSt idastonieres. One of these 
is (‘vidently an enucleated j)rotoplasinic ball, so characteristic 
of t(^trastfa‘ e^^s. T]\(^ reniaindei' came from the division, 

ft will bi‘ notcal tlnit oik^ of the siniill blast(.)meres contains a 
l:irj 2 ;e amount of waste chi'ojiiatin. d'his is a very common 
ph(aiom(‘Uon exhibitcMi by such e^^^ aftei’ (hA'isiom In this ejj'j;’, 
w(‘ also s(‘e that 1h(‘ MSt blastouH'ia^ is not (iividin^ in the same 
plaiK' as th(‘ Ih. Such a (a)ndiTion is s(‘ldom met with. 

latta- d(‘\'elopm(mt of thes(' which liave had a tetraster 
in t]i(‘ Si blastom(a'(^ is extrf'iiK^ly abnoi-mal. The Si doiavatives 
divid(' irr(‘^ularly; they })(a‘om(‘ scatter(Ml ovei’ tlu' surface of the 
embryo oi* li(‘ in om^ laai]); and thei'(‘ is eveiy indication that they 
v(‘ry i-a?‘(‘l\' or iK^ver form a cleava«>;(' cavity and gastrulate. In 
latei’ cl('a\'age staK(‘s. tlu' abnoi‘nialiti(^s caused by tliese tetraster 
(‘ggs is \'(‘ry striking, ()n(‘ of the marks of such eggs is the 
pr(‘s(aic(‘ of th(^ small {'(^11 with the large amount of cliromatin 
(tig. lo). This disorganization, how(^ver, does not extend to the 
primordial germ c(dl, foi- wv find it di\dding normally in later 
stages when the em})ryo is oth('rwis(' totally al)nonnal. 

At the tim(‘ of gastrulation, a majority of th(‘ embryos appear 
normal or exhibit minor i!'regiilariti('s, such as a slight asym- 
metry of shape. The cleavage ca^dty is p]‘('seiit in such eggs, 
howc'ver, and tliei'o seems to bo no I’eason why they should not 
gastrulate uormallx’. Among sueh (mibryos one finds a largp 
number which liaA^(' no cleavage cavity. This sometimes 
a]i|)(‘ars to b(‘ dui' to tlu' fact that tlie ectodermal cells are too 
scat((u-(Hl or ai'e too hnv in number to form it. But in every 
eas(' the piimordial germ cell nuclei may bo clearly seen. 

To sum up the foregoing descj'ii)tioiy we find tiiat tlie abnoi-mal 
eggs are of three types: (a) hlggs in whieli the A and B blasto- 
meres have aI)normal positions in the l-coli and later stages, 
(b) Bggs in wiiich there has been an asymmetrical distribution 
of tlie ciu’omatin between the A and B colls, (c) Kggs with a 
tetraster in the Si l)lastomere. We have now to inquire how 
these tliree abnormal conditions arose from the eggs just re- 
moved from lh(‘ rO:;. And, secondly, what relation these ab- 
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noi’inalities in cloa\'ag(‘ l)oar to tla^ (aiihryos wliich had Ihmmi 
alloAved to undev<io full dov(doi)in(uit . 

1 akiiig' 11 ]) the lirst question, a cdosc^ {'xanuiiation <»f (h(‘ inati'rial 
has shown tliat tlie tetraster eondition of llu' S, hlastoiuen* and 
the irregular distnliution of tlie (‘hromatiii in the A and H ta'lls. 
is due to the same eaus(\ that is, the tusion ot tlu' ehminatin 
in the Si cell (ji^^s. 2a to 2d). A j^lanre at tlu'si' h^ures will 
show that in jiai’t of tlu' ('^] 2 ;s. oidy tin* (aids oi th(‘ ('hroniosoiiK's 
were involved and tliat the middle jiortions wvw fma In sueli 
e^'tis a division of the Siblastomeres oeeurs luit, owiu»' to llu' fused 
{‘oiulition ol the chromatin, an (a|ual distrihulion of it (‘an ind 
take placia Diminution of the ehromatin o(‘Curs and oiu' 
l:)lastom(M-e recaavi's a numixa’ of small “dimiiusluHr or somatic 
chromosomes, whil(‘ the otliei’ c(dl i-(M*(aves, in addition to tin* 
somatic chromosomes, the wliol(' mass of fiisfal chromatin of IIh' 
equatorial ])late. If th(' fusion iinailvial jiai't of tln^ chromatin 
wliicli Avould noianally ^o to form soma,ti(‘ chromosonii^s, ilnai 
one cell would ]’('C(av(‘ this toji^-etlKO- with lh(‘ wasl(‘ cliromatin. 
AMven this fused mass ^;o(^s to oiu' ('(dl, it do(‘s not umh'r^'o 
d(‘^enerati\’e c]ian^(;s hut fprohahly h(‘(“aus(‘ of th(‘ pivsfaice of 
some somatic chromatin) it Ixh'ouk's n^sohaal into a ndiculum 
and fuses witli the noi'inal nuchais of tlu' c(‘ll. In this way, one 
cell comes to contain more chromatin than its mate, and in later 
stages, the cell with tlu‘ least chromatin divid(‘s (audier. \'ari- 
piis stages of this ])r()eess have Ihhml ohs(M'V(‘(l in my matcudal. 

\\ hen, liowciTi’, the* fusion in\'olv(Ml all of 1h(‘ chromatin, as 
ill hgures 21) or 2(‘, then dixision a])]K'ars not to tak(' })lac('. 
Ap])arently, the fused condition of th(' chi'oinatiii is r{'sponsihI(' 
for this, but whether this piaACutcd th(‘ faadrosoiiK's from going 
apart, or whether tin' fus(al mass k(‘p1 the c(dl wall from cutting 
through, is not known. Stagi's that would dccid(‘ this point 
have not lieen seen, l;mt various otlaa* steps in tlu' proc(‘ss have 
been observed, dims the oiu^ cell conu's to contain all thv. 
chromatin which should lie distribut(Hl ladwraai blast omen^s 
A and lb At the next division cyclc‘, sucli ('ggs showed a let- 
raster in the sSi cell and dglit chroniosonK's ar(' found in tlie 
spiii(ll(\s dig. D). 
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Oru; very const atit feature' of tlie eg;g;s showing a tot raster is 
the occure'iice f;f a proto])lasniic biill which lies on the blasto- 
in(‘r{' showing tliis conditioin Thea-e' seenis to })e an intimate 
connection Ijetweaai th(‘ forniiitiem t)f tlu' ball and the failure 
of th(' ep^K te) di\’hle. This ])oint will l)e touched upon again. 

TIh* abnormal positions wliich the A and B blastomeres take uj) 
is to b(‘ traced, in part at haist, laid: to the l^*cell stage, when the 
A and B cells s('parat('d (fig. 1 i. It is probable, howewer. that this 
is not tlie only soui‘C(M)f th(‘ abuorinaiity,for not infnHjuently, one 
finds (‘ggs lik(' tlK)S(‘ slmwn in t(‘xt figure X. As may bo seen in 
the figiin*. the A and P> eeT li(‘ presseal against (^ach otlna', and 
are' di\'idiug. The' inteu’e'sting thing is that the B-^ cell, is dividing 
in ail abnoi'iiial i)lane'. Tliis e'onelitiein e-ould (‘eime about onl\^ in 
one* of two ways. Ihtheo' Iheo'e^ lias be'e'ii a reilling eu’ shifting of 
s((i!ie of the' cells, oi-, tlu'ir polarity has lieen changed. Of thetwe> 
possibilitie's llu' fonne'i’ sea'ins tlie most probable^ since in the 
normal e'gg, a shifting process is iiuoKeel which lirings the B and 
lb f)lasl(ime're's logethe'r (coni])an‘ witli figs. V anelO). As we 
know nothing de'linite' about I lie cause of the' sliiftingin (heiioi'inal 
e'gg, it is use'h'ss to spi'culate' o\e'r the matte'r at this time. It 
se'e'ins worth while', how('\'('j', to peiiiit out that the separation 
of the' A a net B ea'll might e'ome' about ley an iiLCivase' of suiiace 
te'nsion. The'se' ea'lls normallx' lie pi’e'sseel against eacli othe'r, but 
were' the' surfae'c te'nsion of them increase'el, as through seiiue 
aedieni of the' ( (hen tlie'v would se'parate'. If the' Ih cell we'i'^' 
also aftVe'te'el, the' e'lfect (tliat is, the' se'])ai-ation) might be still 
more' mai'ke'el. 

Be'fore' we' take' up the' I’clation be'twe'en the' abneirmalities found 
ill cle'a\'age anel those' ('xhibited by the fully ele\'elo]H'd weu’ins, 
it will be' lu'ce'ssary tei de'scrilie a fe'w e)f the more striking points 
ill .Vsearis ele'\'('lopm('ut, Tliaiiks to the works of Boveri (’99i 
anel Zur Strasseii < 'Ob), we kneiw the origin and fate e)f practically 
('ve'iw cell in tlie' xenmg worm, 

A few schematic ske'te'lies of the normal devele)]mieut are given 
ill figure's K to I. The first eli\’isie)n results in twe) lilastenneres. 
Si aiiel Bi re'sjK'ctiM'ly. following Beiveri's nomenclature. These 
two cells have dif’fe're'nl peiteiitialitie's. In the next division 
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cycle, tlu^se two cells divide in phiiu's at ri^iit nni>:l<‘s to ea(*h otlier 
(fig. K), and fui’tlieniiori*, as is well known, tlu‘ chromatin of (he 
Si cell undergoes a process of “diininutiou" while ihe Pi cell 
retains the elongattnl (‘hroniosonu's. 'hlu' rt'sup of the division 
is four blast om(‘n‘s wld(“h forma T-like ligiin* ilig. 1*\). Following 
this, the cell marked 1\> shifts !U‘ound until it (‘onies in contact with 
the B blasioinere, forming in this way a rhombus. I’p It) this 
time, one can not s])eak of an ant(M’ior and posterior end (d' tin* 
embryo, but after the shifting, th('s(^ ])arts :;re marked out. The 




anterior end lies to the right in the ligure, that is, at tIujA and 
EMSt side, while the ])osterior end is indicat(Ml [)y the lb blasto- 
mere. The A and 1^ blastomeres ]i(' dorsally, as in the figures (]u‘ 
Ps and PiMSt ventrally, themediiin ])lam‘ of the embryo b(dng 
parallel to the pai:)er and itassing tlirough all four l)lastomer(‘s. 

The A and B cells now (hAude in a })lanc ai)proximately at right 
angles to the median plane ('fig. G), while the and IGMSl 
cells divide in the median plane (fig. I). The A and B cells give? 
rise to the ectoderm covering the dorsal and anterior end of the 
body. The E:\lSt cell will give rise to the entodcani, i)!irt of the 
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niosofiorni, and tlio cells of the stornodaeum. The P<j cell, after 
giving off several generations of ectodermal and mesodermal 
cells, forms the primordial germ cells. The most important 
])oints for us to remember are the following : lJuring later develop- 
rmait the A and H cells grow over the dorsal and anterior end of the 
body of the embryo. The KMSt and 1^2 cells lie ventrally and 
post{Tiorly and form the most impmiant organs of the body. 
Xi'arly all of tlu' postoT'ioi' i)art of the body of the young worm 
C(an{^s from tlu^ Pi derivatives. 

A\'e can now turn to the question of the relation of the normal 
cl(‘a\'age of 1h(‘ tr(?ated eggs and the worms which resulted from 
them. 

Sinc(,‘ a can-lain percentage of eggs always de^Tloped in a per- 
fectly noi-mal fasliion (hu-iiig cleavage, it is clear that the fully 
(h'veloped normal worms, such as shown in figure A, arose from 
this source. 

It is eciually clear that tlie masses of totally disorganized cells 
which one finds in figiu-e ( ' are due, iu part at least, to the forma- 
tion of th(‘ totraster in tlie Si blast omere, with the sn])se([uent 
abnormal develojmieut. Xo doubt otlier sources contributed 
ti) this class of embryo. 

'hbe embryos in ^^hLch the posterior end is only |)artially dif- 
ftn'(‘ntiated are undoubtedly to ])e trae(Hl to the eggs with the A 
aiul H cells lying in abnormal positions, but the details of how 
this condition affect(Hl the lat(U‘ de\'elopnieiit are uncei-tain Ixv- 
cause W(‘ have sfi htlle knowledge in how fai‘ the Intel' shifting 
of the ])lastonieres in Ascaris is due to internal organization, and 
in how far to simpk' mechanical relations, such as mutual pres- 
sure, etc. Admitting this uncertainty at the start, vee may give 
a v(a*y .simple exjdanation whi('h a]q)ears to agree with all of the 
observations j'ecorded. 

A glance at ligui'e 1 will show that the derivatives of the Pi cell 
form a sort ol half keel on the ventnd and iiosterior end of the 
embi'yo, and the ectodermal cells, (derivatives of the Si) by their 
division I'orm a more or loss symmetrical covering for this. The 
works ol Po\'eri (d)9) and Miss Stevens {'09) have shown that 
tills ventral keel may take place when the A and B deri\'atives 
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are absent (as wlieii tlie S, is kilkni by ultra-violet liglit). Tliis 
indicates a decree of internal oi'ganizatuni in these cells. 
Here it may be remarked that in these experimcaits then' no 
ectodermal cells which might move th(‘ members of th(‘ ventral 
family out of the median plane. A\'ere. liowever, tlie A and H 
derivatives present but in positions wliich would destroy the 
symmetry of the embryo (for example, wer(‘ they lying only on 
one side of tliis keel, and 1 have observed cases which a])proa(‘h(Ml 
this) to unl)alancc tlu‘ system, so to speak, then it scaans v(‘ry 
probable tliat some of the ventral cells would b(‘ inov('d out of 
(lie median plane. 

In tlie later develo])nient of the eggs in which llu' A and H (‘ells 
occupy abuormal iiositious, w(^ scaan to see this imhalaiu'iugtak- 
ing i)laee. C^uitc' fre(tuentl\' in such (‘gg"^, th(‘ majority of the 
A and 11 derivatives lie on one sid(' of th(‘ k(M‘l, and in tin? la.t(?r 
stages, as shown in figure bl, om? of Uk' blast onu'ivs (tin' MSt 
in this ens(‘) is moved out of the nnaliau plaina Prior to th(‘ 
division, the lAMSt blaslonuaa' li(‘s in tln^ nnaliaii plain' and 
even in the metaphasi', it liolds this [losition. I have notial only 
one 01“ two (^xcejitions to this. Aftia- division, how('V(a“, tin' MSt 
cell is frequently found lying out of tin' nu'dian plain*, and (In* 
most probable ex])lanalioii is that it has bi'i'ii niovi'd out of this 
])laue b>' the o\'erl>ing ectodermal ci'lls. It may W('ll In* that 
other causes were operating to j)rodu<*(‘ tin* same ('iid ('fleet. In 
a few cas('s, tin* J'iAlSl blast oirn'rf' di\'i(l('d in an abnormal iilain*. 
figure A shows such a cas(', oi'. disorgaui/.al iou may have conn; 
later. 

As cleavage went forward in tln'si^ ('ggs, tin* A and H (h'liv.'i- 
tives formed tiu' (‘leavagi* cavity })y mutual jiri'ssure and gas- 
trulation took place. It was not until organ formal ion In'gan 
Unit the edects of the shifting of tlie i\lSt cell could In? olisi'rved. 
booked at from a theoi'ctical point of \'iew, since tin? MSt lilasto- 
iiu'i'e forms the cells of the stoinodaeuin (afti'r .sov(?ral divisions; 
we should expect that were this cell pushed out ol its normal 
position, the resulting ('iiihryo would lack this jiart. d he em- 
l)ryos in which the anterior end is disorganiz(‘d bnt in whicli the 
posterior end is noinial, sc('in to IcHill tlu'si* ('xpi'Ctations. I he 
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j)(jst(‘rior (‘iid, (‘(piling from tiic other end of tlie keel and more or 
less ind(‘p(OLd(‘iit of the derivativesof th(‘ Si cell, would be normally 
foriiKMi, siiiee idl th(i necossaiA' eleimoits were present. It is 
not to \h^ expected that simply the MSt cell would be affected. 
\o doul)t thc‘ failure of this cell to take up the proper position 
c:ius{‘s thi‘ wholi^ ant(‘i’if)r end to be disorganized, and when the 
A and 1^ deri\'ati\'es w(‘j“e irregularly distributed (when they, 
for exampl(\ lay on to]i of the lb cell without touching the J^AISt, 
and 1 ha\'e obsei’ved sucli cases) the disorganization probably 
(‘xtendfal to the post(‘rior end. It se(Mns likely that the degree 
to which th{‘ ])ost(U’ior «aid was differentiated is to be (‘orrelated 
with tli(‘ positions which the A and H derivatives took, and thus 
w(^ ha\'(‘ a s(U’if‘s of stag(^s fi*om wonns which are seven-eighths 
norniak tf) worms in which (jnly the stump of the posterior eiul 
is dilhu’entiated. 

lu this way we are able to ex])lain tlie ]}]-oduction of the half 
(unbryos following the tr(xitment of the eggs with (X)o. There 
is, of course, auotluM- way of explaining tiieir ]}roduction,but this 
has not b(‘en ad^'an(‘ed because it did iiot harmonize, as it seemed 
to me, with tlu^ facts whicli liave been discovered by Boveri and 
his students. A\'e have assumed tliat the ectodermal cells com- 
ing from the Si blastoniei'e, were moj'e or less indifferent in their 
nature, d'his is indicated by the normal developinent, for the 
cells divkle rhythmically and form tlu^ general ectodermal cover- 
ing for the anterior end of the body. In contrast to tliese, tlw' 
c(‘lls of the vcnti-al family (Pi de]“ivati\’esj divide very irregu- 
larly and possess a high degree of speci^icit^^ that is, one forms 
the entoderm, another the mesoderm, or primodial germ cells, 
and so on. V\q}v we to attribute specificity to (lie ectodermal 
cells, then the explanation for the half embryos would be that 
they were formed since the cells destined for the anterior end 
were scattered and lliis part of the embryo was undifferentiated. 

TIh^ latter view does not seem tenable since all work points 
to tlu' iiulilTercJit nature of the Si derivatives. In any event, 
however, the j^roduetion of the half emi>i‘yos is to be traced to 
the abnormal positions which the A and B blastomeres take in 
the 4-cell stage. 
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the great majority of the eggs followed tlu' dilferent 
types of development outlined ^l.bo^•e, a small per cent eould 
usually be found in any slide which w(‘re abnormal for no appariuit 
reason. One condition rather common, is that siaai in figure 
X, where we find tlie A and 1^ cells undivided even aft ( m* the lb 
and ElMSt cell have nearly completed theii‘ division. A^’lial 
the fate of such eggs is can not be definitely stated, but sinei* w<' 
may find the A and B cells imdivid(Ml in later stages, it seems 
probable that sucli eggs ne\’er gastrulate. p<u*centage of 

eggs of this type is small, in any event. 

We now come to the (luestion, wliy are some of the eggs af- 
fected by the treatment with the (d).,, and why do otliers develop 
normally under the sanu‘ conditions'.^ And why do we find 
different proportions of abnoi-maliti(\s in tlu‘ smears of th(‘ same 
female? It was for the solution of these questions that two 
series of (experiments weno plamu'd and att('mpted, but sijn‘(‘ 
these were unsuccessful, the working hy])othesis upon which 
th(ey were based, will be giv(ui. This (explanation is only 
tentative. 

It is well known that in any naiss of Asearis eggs, some (heviT)]) 
more rajudly than otlmrs. AMieii tln^ ('ggs were ])laced in th(i 
CO 2 1h(w undcn-weiit a ccadain amount of (h vidopnumt Ixdorc 
the oxygen available was exhausted. A\'heii tln^ su])])ly of oxy- 
gen lasbal until the nuclei were in the resting st ag(N no ill eftects 
resulted except such as might arise from a, shifting of the blast 0 - 
nieres. If, however, the eggs wer(> in the ef|uatorial ])la.te phase 
when the supply of oxygen gave out, tlion th(\^^ I’emainod in this 
state until brought into the air again. AMu'tluw the fusion of 
the chromatin took pla(‘e in ih(' C'O- or wlndluT it resulted later, 
was to ha^'e been determined. 

The variation in the [)ro|)ortion of the abnormal typ(\s is, 
without doubt, due to the following reason. All tlu' eggs for 
the present study were taken from the fresh uterus of a singh* 
female. Such eggs removed from the end of the uterus have given 
off their polar bodies and the male and femah^ |)ronucI(u lie side 
by side until oxygen is admitted, biggs lying farther back in 
the uterus are not so far advanced as those' lying at the ti}), eon- 
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sfHjijciit ly. of flip sHK'Mis a{l\’an('fHl fai'tlu^r tliaii otlior.s; 

a lar^<‘r proportion of ]“('a(*li 1li(‘ rtputtorial plate phase in 
one slid(‘ (hail in auotli(‘r. and w(‘ find as a ri^sult a larger pro- 
fioi'tion of (lai-asteis. I1 s(*onis pi'ohaldi^ that in thf' smear with 
o\'(a‘ of) fxa* (aait of ih(‘ ('ggs showing telrastia's in the S| cell, the 
Si blast ona'i'i' liad laaai ahli^ to liring its division only to the 
(Mjiialorial filaie pliasia liowiA'or, on all th(‘s(' points mon^ ex])eri- 
mentai evidi'iiei^ is luaMiial and the author hop('s to fill in tlie g.‘i])s 
as st)on as -uitahle iiiatcM’ial is a^■ailal)h^ 

It is of further intcu'C'st to ask how the (^ggs w(a‘(' abh^ to live 
and (l(‘\elop lo a slight di'gri'w in an atmosp}i(a‘(' of (’().. Ihs- 
peeially, wlaai tluA' had Ikmmi ke[)t at a t(Mn])('ratui‘(‘ wheri^ tlioy 
would normally have (hwi'lopinl in some thria' w('cks. Thi'se 
(jii(‘slioiis ar(‘ tak(m uj) in tlu^ following diseussion. 

It lias long bf^rai ri'eogni/iMl that inti'stinal parasiti's live imdei- 
anaerobic (‘ondilions. but A\ Vinland ''01 i was tlu' first to sliow 
{[i(‘ nu'chanism l)y wbieli tlu'y obtaiiu'd tin' oxygiai nr'ci'ssary 
for lh(Mr (*xis((‘n('('. It had Ikhmi known priA'iously dial Asearis 
eontaiiH'd a largi' amount of glyiaigian and Wbanlaiid was ai)h' to 
show that wluMi (hesi' animals wiu'i^ ki'pt in a mi'dium without 
fo(Mb tliis g]y(‘ogen disappiairc'd and he obtaiiKMl (‘(h and vaha-ie 
:ieid. Jh' sugg(‘s|('d that the gyleogxm had biaai broken down by 
some animal ha'iiKait. (dyeograi is oiu^ of tin' ('om})lex siigai's 
with th(' ('inpirieal foianula of ( ( 'JfuiO:,)''. Aiaairding lo M ('in- 
land’s id(':ts, (his is brokaai down in (Wsmitially the following 

m 

\v:iy; 

‘ ( = X Ae)i('ri(' acid ('():.> and Of 

A numb{'r of authors (Ih'ault and hoopers '04: Husehs- 'Oo,- 
'(Id: Kemnitz '11: and Ih'ammertz '13i Imve shown that the 
(‘ggs of Asearis eonlain hii’gi' amounts of glycogen. Ih’ani- 
mertx was ahh' to show that dui’itig; tlu' formation of tlie polar 
bodi(‘s, tlu' amount of glycogen diminished in th(' region wliei'e 
these bodies wer(' lieing formed, dlie ix'uson for this was that 
the giyeogcai wa.s broken down to funiisli (Ik' oxygen necessary 
for this process. ld)r further d(‘\'elopnient the oxygen of the 
a.ir scMuus to be ('ssential. altliougli tin' glycogen in the egg is 
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sl()\vl\' us(mI Up as (l(A'(“lopinnit ii'n('s i'oi'wanl. Hraiiitiu'i’tz ra- 
<i;anls this ^lyco^tFii as a soil oi ri'sot'vo to ti(l(‘ th(‘ oiiiliryo o\’rr 
unfa\'oi'al)l(' (‘oiidiiions. Ho (‘it('> oiio oxpoi-iiiuaii in t'a\'or of 
this viow, which is (piiti^ siniilai'. in its {■oiulii ions, lo 1 ho ('\()(M‘i- 
iiKMits r(M‘or(l(Ml above. Ib^ found that if W(“r(' pla(‘od in 7(t 
])(‘r (‘{mU alcohol, ])ai't (»f thi'in d('\'('Io])tHl as fai' as ilu^ (wo c(‘il 
stajiio ])ofor(' t]i(\\ W('ro ixanU rail'd by thi' alcohol ami killed, 
ill' regards it as inijirobabh' that ihi' could liavo ^oth'ii the 
oxygon iK'ci'ss.ary fi'oni llu' alcohol, and thinks tlna'i' i> iiroof 
luu’o that th(' lilyco^on was usi'd tor this piii'posia 

"rii(‘ aut lior has not niadi' aiL>' ('xpiU'iiiK'tit s w iih thi' c^'^s treated 
with ('On but till' conditions inv so similar with the (‘xiicrinu'iit 
('iti'd that it >(‘om> \'(‘ry proliable that tlu' used in ni\'('\por- 
inuaits wort' ablt' to li\'t' o\aa' this pt'riod of t hrt'tMtionths bt‘- 
catiso of tilt' prt'staict' of tlit' ^iNt'ojLit'n stort'd in their protoplasm. 

\\t).\i.\i.ii;s 

ruder this htsadin^ \ wish to I't'coi’d some obst'tual ions maih' 
on the troatotl which a. bt'arinii,- on the jirolilt'ms of 

s(‘x (k'torminat ion and tlu' taiust' of diminution in A.-caris nit'K^do- 
eophala. 

Ill lilt' di\idin^ prinuu'tlial tt;(a'm tadls, ot'casionally ('^'"‘s ha\(' 
bet'll .stH'ii in wliitdi tlu'i't' woiv, bt'sith's tlu' four ehi-oniosomt's. 
additional ('lenioiit-; dn Id cast's out ol 1-d (akeii at raiitloniL 
d’vpically then' is only one addition.al chroniftsome, as in h^tiirt' 
d. but cas('s witli two. thrt'i'. four, and ('Vt'ii elt'Vt'ii fratiiiKuils 
have boon .soi'u the'. Ij. The way in which the sin<*:lo ('h'liH'nt 
bohavos (luring di\’ision is shown in figui'i's Ix, AI. and X. ( as('s 
will) more fragnu'uts could not lie loliowod througii division. 

The |)r(‘.senc(* ol oik' or inoia' chroinosoini' b'agnu'uts in th(‘ 
primordial g(‘i’in cc'lls ot Ascaris m('galoc(‘plia!a ha\'(‘ b('cii d(‘- 
scril.aal liy a minilioi' of authors, and at tin* pi‘cs(mt tiiiit' two 
\-iows lla^■o Ix'oii ad\ainc('d to ('xplain tlu'in. According to Ihiring 
I '09) and Jlovoi’i t'()9), timy lepix'xait the acia'ssory (‘hromo- 
somos in this spteios. This i> tin* vi(nv generally aoooptod. 
Kautsoh f’bb. howinaa'. has >hown that aiiolli''!' intc'rjmdation 
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is possibles After an extensive .sturly of anomalies in Asearis, 
ho eoni<\s to tlio cr)nelusion that these fniji;ments are probably 
})its of el iron Kit ill brought into the egg when the polar bodies 
(lid not r(M*(h^a3 their full share of chromatin. 

Kauts(*h aj) preached the question of tlie accessoiy chromosome 
ill Asearis in another way. He (‘ounted the number of somatic 
chromosonH‘s in (‘ggs in which there was only one chromosome, 



Text figures J to X 

and he found that lliey fell into two numerical groups; one cen- 
tering around 27, the other around 3G, somatic chromosomes. 
These, he suggests, may be male and female numbers.. The 
counts made by Kautsch are too few in number to be conclu- 
sive, but it is interesting to note that his view falls into line with 
the work done by Edwards (’10) on Asearis lumbricoides. The 
latter author, as is well known, found that the accessory chromo- 
some in this s])ecies, is represented by a group of live small 
chromosomes. 
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The obserxations veeojxied above, have a e('rtaiii ])eari!i;»: on 
the question, since it is clear from them tliat genuine frajiinenla- 
tion may take place in the cliromosoines of Ascaris me^aloc(‘phala. 
in some cases all four chromoson u^s bein^' affectial. The fragmen- 
tation of the chromatin in L. howev('r, certainly has noih- 

inji; to do with the accessory (‘iironiosome. and since a seib's may 
be formed in which one, two, or oven all fonr chromosonu's may 
be broken up, it l)ecomes a (nu'siion wlnAher or not we can in- 
ter])ref such cases as shown in figures K, AT. or \ , as liav inj»;any 
relation to tin' a(a‘essory (‘liromosonu'. Just what laJation 
the fra^tmentation in the normal (‘^^s has to do with that ob- 
served in the e^^s tr('ated with (d).>, is umaa’tain, l)ut it do('s mh 



seem improbable that they aiu l)()th (‘X])n‘ssions of a tendency 
residing in tlie chi'omosomes. 

A second anomaly found is sliowii in tigiires 0 and T. Jii 
figure 0, the lb and JbMSt cells tire both dividing, and it will be 
seen that botii are undergoing diminution. It is (‘sjaadally to 
be noted that the spindles of tin' two (adls are not ])arall( I. In 
figure P, another egg is shown in which both tlie Ib a,nd IbMSt 
cells are undergoing diminution. A detailed drawing of the tM’o 
cells is .scon to one side. It is especially to be noted that- a proto- 
})lasinic ball lies on one of the two cells. 

In figure 16 is shown a rare case where the V- and PMSt colls 
arc fusing after division. Xote particularly tin' protoidasmic 
ball coming from the fusing cells. (Tlie S, cell is seen lying be- 
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iK'atli: il is ch^ai'l)' mulai'jioiii^ i hi 17 is a 

lalcr sta^f' in wliich tli<' fiisf^d 1^ and I'dMSt cell is uiKhn-^’oin^- 
division. M will Ik' st^cii from tlif' fi^iii'f^ that tlioro are four small 
cells j>r(‘S(‘nl which contain \\'ast(‘ (‘hroniatin, he^idt^s two ])roto- 
plasinic halls witliout any ('hi’oniatin. d'h(‘ pres(‘nc(^ of a lar^e 
amount of clu'oniatin in one small (“(^11 indicatf's that the four 
small c(‘lls ha\'(‘ arisfui h\' th(‘ di\ i^ion of a tetraster. ( ’omj)are 
this with that shown in fi^ui'(‘ Id. The pi*eseiiee of the pro- 
toplasmic halls indicat(‘s the sanu' thint;'. One lies on the fused ih 
an<l ITMSt c(‘lls, and has aiisfun ])i*ohahly diuhn^ division, as in 
fi^ui’(‘ Ih. Thf‘ other ])rot()])]asniie hall was undoubtedly fonned 
when tin* Si C(T failed to divide. The int crest thinti:; about 
this is, that tin; (‘(T which I in((M‘pi’(d as coming from tlie 
fusion of the Ih and ITMSt l)lastomei'('s, such as \\v see in figure 
Iti is und(‘rgoing di\’isi()n; shows a tetraster and as ma.v h(‘ seen 
in th(‘ figur'(v tin' chi-omatin is undin-going diminutioi]. Only 
oiK^ case of this sort has been seen, hut it has been v{'ry carefully 
studi(al and ther(' can l)e little doubt of the correctness of the 
iiiKM-pretation gi\'en, 

I do not ])r()]a)se to take up a detailed discussion of the ques- 
tion. '‘AMiat cause's (lu‘ diminution iji the somatic cells of 
.V.scaris?'’ And yet the fpiestio]! can not ])e fully omitted sinc(' 
tli(‘ ohs(‘rvations recorded in the foregoing pag('s throw some light 
on th(‘ subject, (warn though they do not gi\'e a final answ'or. It 
is well known that two) \-iew's Inu'e befui held with regard tf) this 
suhjca't. Zur Sti-assen ( ’(!()> hnoked what was essentially a 
(jualitative division of the (‘hi'omosomes, in order to explain 
the ])henomenon. This \di‘W lias been contested by Boveri 
I'lO). who. by his masterly analysis of disperinic and centri- 
fng('d eggs in Ascaris, slmwaal that the explanation advanced by 
Zur Strasseii was untiniabhv Idnding it impossilde to explain 
th(‘ cause of the diminution to factors residing in the chromosomes 
themselves, Bo^■(n•i turned to the cytophisrn and advanced his 
‘Schh'htung' hypotlu’sis. This ;iuthoi', coindnced of the hetero- 
trojiic natUH' of the jirotophism in Ascaris, conceives of the 
v:u’ious substances being arranged in layers. The blastomeies 
receiving ceilaiu layers of protoplasm, undergo diminution while 
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ntluM' luit tlL('S(^ layri-s rt'tain tlir I'orin 

()1 tlic alu'( )iHns()iiu‘s. A {‘(iiisi(l(M‘al)l(‘ 1 )<k{\’ <il avithanT has hia'n 
pi'fHliK'cd hy to siihstaut ial(' this vi('\v. 

From timo to tiitaa various authoi-s hav(‘ iio((m 1 ('\(‘(‘pt ions to 
the rule tluit the jita'iniaal e(‘lls ik'Vim- uiuha'^o (liniimtlion. Most 
naamtly wc hav(‘ tin' work of Kautsj'li who has <j;iven (lrawiii.i*s 
of a lumiber oi’ eases and point s out t hat in all of ( lu' ohsiMAa'il 
by liiim tlu' ax('s of tin' s])iiull('s iii tin' lb ainl FAfSt e(‘lls w('iv 
])arallel. This tlu' author took as imlitaatiuji: that tin' pi'oto- 
]hasin of the two cells was similarly- sti'U(*1ur('(l, How (in* eon- 
(lition arose, lu' dot's not si alt'. A ^iaiu'e at ('illn'r li^mre 0 or F 
will show exeeptious to this laih'. In fa(*t, in tin' iiuinlx'r of ('^-^-s 
in which 1 haaa' obst'i'vt'd this anomaly, 1 ha\'(' btM'ii iniabh' 
to find any two s])indles which wt'rt' paralh'l. 

\dew('d in the li^ht of Hoxa'ri's hypotlu'sis, (In' two t'^^'s shown 
in figures lb and 17, provt' \'{‘ry intert'slintt;. Ih*re wv ha\ (' I he 

and I'hMSt hlastonu'i’f's fiist'd lo^t'tlu'r aftt't* division, and, if 
the diminution process depends on a. (jualdativt' division of the 
chromosomes, we should find some soinatit* tmd ^ei*min;tl chro- 
mosomes in the spindh's. Ihit as will be s{M'n from fijifun' 17, 
this is not the case. On the otlu'r hand, if tin' pr('s('uc(' of (In' 
eh)ngated chromosonn's deptuids on souk' s[M'cilic substance car- 
ri('d iti tlie cytoidasm, of the primordial ^('rni c('l!, theti wv should 
exiieot to find ei^ht com]')let(' elu'omosoim's in tin' sj)indl('s, 

♦ A giatiee ad ti^iirt' 17, shows that tin' (‘hromosomes ar(' iimh'r- 
^oin^’ typical diminution. How is this to In' (‘xplaiiu'd by (In' 
hypothesis athanced by ]h)V(‘ri? (dtu it In' that the »'('rm path 
(Itdermnn'r tor Imwc'M'r w<' (*hoos(' to think ol this poslulalt'd 
sul)staiice) has lost its poft'itc'y ov('r 1h(' })rotoplasni which it 
had controlled in tin' pr('(‘edinj>' di\ ision‘^ Or, is tin' ('\])lanat ion 
for the diminution proct'ss to b(' sought in some other tln'ory'.^ 
The answer to this question is, I thitdo ^iveii by tin' pi-otoplas- 
mie bail w hich almost invariably is found in e^'^'s showinj*; diniinu- 
tioii in the s^'i’toitud ct'lls. 

If we conceive of tin' prt'sence of the elongated chromosomes 
in tJie ^('j'lninal e('lls as Ix'in^ diu' to soon' fiin'ly balanej'd rjuali- 
(ative or quantitati^'e chemical iiiti'i-rcactions. then it is ('asy 
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to inia^iiu* that any procf^ss which would remove i^art of the 
protoplasm or otherwise disturb the relations, would upset the 
r-c'aetion. Or, if we think of some s])ecifie substancaa a true 
<i;(U’m ])atli (h'tentiiner, as })einfz; present in the germinal cells, 
th(‘ loss of ])art oi' all of this substance would produce diminu- 
tion in such e(‘lls. W'hich of these two views will prove the 
correct one, it is impossi})le at the ])ri^sent tinn^ to say, but the 
(n'idence to present('d can be ecpially well interpreted for either 
ease. 

In the eggs tnaited with ( 'Go tl](' f[uant it alive I'elations are fre- 
(jiumtly ups{‘t by the formation of protoplasmic l)alis. These 
balls ar(‘ a])parently foruKal by the giving away of the cell wall 
wIhmi th(‘ cleavag(* ]:>ressur(' is at its heiglLt. It is invariably 
found wlum tia^ A and J3 l)laslom(a'es fail to separate. A I ore 
rankly, it may be giv(‘n off fi-om th(‘ dividing ])rimordial germ cell. 
In figure P we ha v(‘ such a caise, associated with the diminution 
proc(‘ss in the g(‘rminal cells. Most of the eggs which have 
shown diminution in the germinal cells, have been characterized 
by the pr(‘s(‘nc(‘ of such a ball. In glancung over the figun's given 
by Kaiitsch, I notice also the fi’oqiient appearance of such a 
l)all, although Kaiitsch does not mention them in his description 
f)f these abnormal eggs. Finally, in the eggs shown in figur(‘s 
1(1 and 17, we see a large mass of protoplasm has been cut off 
from the germinal cell, d'ho constant occurrence of the proto- 
])lasmic ball with the diminution going on in the primordial 
germ cell has conxinced me that the two have a close relation. 
Ileir \\v s(‘(an to hav(‘ an explanation for the diminution 
jirocess, for, when this mass of protoplasm is thrown out of -the 
gi'rminal cell, substances ( such as the germ ])ath tleterminer itself 
or some material necessaiw foi* its action) are either removed, 
or the lialance between the inter-j-eacting chemical substances 
is u])set. latlu'r of these causes would probably be sufficient 
to firing about the diminution. In the ease of the ectodermal 
cells, A and P, tlie formation of tlie jn'otoplasmic ball has no effect 
on diminution since the substance inhibiting this process is not 
present. 
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Ju advancing tliis exjdaiiatioii. it is not iny iuloitioii 1(* imply 
that diminution in the germinal ta^lls taki^s ]>laee only af((T 
the formation of th(‘ protoplasmic l)all>. In fa(‘t. I hav(‘ my- 
self found eases in wltieh diminution was phiinly ta.kin^’ place, 
but I was unable to find any ball. Such e^’^s. howeviu’, wc'O' 
invariably abnormally retarded in tlnar dev('lopm('n1 and tlu‘ 
explanation for tlie diminution is ])]'obably to b(" found in anollnu' 
cause. The author {'15) has shown that in lln^ sea. urchin 
after fertilization, ])rogi'(^ssiv(' chaniit's ar(‘ ^'oin^' on in thi' 
cytoplasm of the e^ti; which are ind{‘p(md('n( of tlu' ('leava^(' 
process and thus we may hav(‘ the formation of the mici-omcnr 
which normally comes in the Ki-ccT sta^e, in tln^ S- or Tc(‘ll 
stage. It is \’(U’y ])robable that this proc('ss is charact(‘ris(i(* 
of all eggs. Thus in the gcaaninal C(^lls of Ascaris wo may imagiiu' 
series of changes aj’e goiiig on, only lua’C' th{*y tend toward dif- 
ferent results, ^^'el‘e tlu^ gcaminal cell long (hTay(Ml in its divi- 
sion it may be that tlie somatic tendeiu'y Ik'comk^s so strong as 
to sap])ress the germinal one, and thus dimimitiou talo's placca 
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IM.ATif 1 

i:x in.AXATnjN fiF Fn.ri<i;> 

All (li'aAviii<i;s itiuilr witli caiiirna lin'ida. and T- nil iintiicrsiiUK l-’ifrurPS 21j, 2f 
and 2d arn drawn at. ;i. Iiiu'lini' inatinififation lli.in t lu' I'lnnaiiidor of tlie ligiirofr. 

1 A d-fcll sia^u slinwinu; tin' ,'<(‘{)ai';Lf inn of (In' .\ and H hlastoiiH'i’OS. 

2a \ 2-c(‘ll stajiF slinwin*; tin- pfuniliar fusing wliich tbo cliroiiial in in the Si 
blast oitiern,*:. 

21), 2f, 2<1 I)(‘t.ai!('d (Itawinus fd’ tlin fnsfal climinat in. 

4 Show inu a f-ccll st.iac w ii li i hn A and If ct'lls ncenpyin^ aliiinrinal ])ositif)ns. 
r> A 4-f('ll sta*!;!’. iKirinal after {rf'atnn'ni with C'O^.. 
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PLATE 2 

KXlM.ANATHiX OF FlfiUHKK 

li A o-r-<‘ll slidwiri^ thd uii('qu;il ilist fi hill ioli of tlio cliroinaT ill hclAveen 

llic A mill H coils. 

7 Showing tho t ('1 in tlu' Si lihistonu'ixx 

,s Siiowiiijj; tlio tot raster in tlio Si hlastmiioro. 

!> Sliowin^ normal 'J-oi'll division afti'r tri'atituait witli 
1(1 Showing tlio A ami li hlasloinorc's dividing; in abnormal plain's. 

1 1 Showing tlio result of I ho division wlirn t in' A and H ooll oooiijiy ahnorinal 
]>osilioi!S. 
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PLATK 


)■;:< !>LA\ A'l inv (iK Kif;rin.s 

IJ Slidwinii ilif cih-ci wlicii iii(‘ A tlA'idc in .'iKtioi’inal the 

(M’l.tnlci'tiial ccilf: iiuinln'i' N in tlii^ 

]‘> A si iifiit ]>• lalrr si aji'c (ti' t In - saiiM' ; iiui ;■ I hat 1 Ik' AlSi rdl (Iocs [i(M i i(' in i lie 
iniajiaii |»la lie nl' ( lie (aiihryo. 

II An C^ii sli<i\vint>: (he nl't'tMa (jf l li<‘ Iinrr]iial <li\'isi()U of 1 he clit-Dnial in ])(■! u lani 
I lie A an<i I'> ])!a>l.on)<'i-cs. 

lA An .'howin^' (lin I'ClVct of tin- I cl ra."! cr f(iriiiati(H) in tin* S: (‘clI. 

Ih Shnuinii' t lin I’j ami KAiSt roll fusinu,; noi<- part i<’ulai'!y ihc [naiiopla^nno 
l)a.l! pr<ij<M'i iiiji troiii the fusing crl!.-, 

17 Sltouiim tlir later el'f(‘<-t of tiu' I'u-ion of ihc I’-j ami KMSi <ahls: tioir that 
dim initi inn is lakinu: phna' in this ecll. 



I'i.ATi'; ;j 


I, F [•'!•:(' rs (iF c'AiJiiox Dii'Xini: ]A,r,< 

TH f.' if'iUI I S S. i' \1 V 1(.1{ 



V 





3S.) 




MEMOIRS 


OF 

THE WISTAR INSTITUTE OF ANATOMY AND RIOLOGY 

« 

No. 6 

THE RAT 

COMPILED AND EDITED BY 

HENRY H. DONALDSON 

REFERENCE TABLES AND DATA FOR THE ALBINO RAT (MUS 
NORVEGICUS AT.BINUS) AND THE NORWAY RAT 

(Mus norv]<:gicus) 

To be published in October 

Cloth bound. Price, post paid to any country, 


PREFACE 

For a number of studies on the growth of tlie mammalian nervous 
system made by my colleagues and myself wo have used the albino rat. 
In the course of the work wc frequently felt the need of referring to 
other physical characters of the rat to which tlie nervous system might 
be related. This led us to collect such data as were already in the 
literature and also led us to make further investigations. 'The facts 
gathered in this way have proved useful to us aiHl are here presented 
in the hopes that they will be useful to others also. 

• 

CONTENTS 

^ Preface. Introduction. Classification. Early records and migra- 
tions of the common rats. 

Part 1. Albino rat — Mus norvegicus albinus. Chapter 1 — Biology. 
Chapter 2— Heredity. Chapter 3--An atomy. Chapter 4— -Physi- 
ology. Chapter 5 — Growth in total body weight according to age. 
Chapter 6— Growth of parts or systems of the body in weight. Chapter 
7— Growth of parts and organs in relation to body length and weight 
according to age. Chapter S—Growth in terms of water and solids. 
Chapter 9— -Grc^dh of chemical constituents. Chapter 10— Pathology. 

Part 2. Norway rat — Mus norvegicus. Chapter 11— Life his- 
tory. Chapter 12 — Growth in weight of parts and systems of the body. 
Chapter 13 — Length of tail and weights of body, brain and spinal 
cord in relation to body length. Chapter 14— Growth in terms of 
water and solids. Chapter 15 — References to the literature. Index. 



Second Pan American Scientific Congress 

Section VIII: 

PUBLIC HEALTH AND MEDICAL SCIENCE 

By the Assistant Secretary General 

GLEN LEVIN SWIGGETT, Ph.D. 


Ill accordaiK'C' with the rosolutions of tlio First Pan American Scientific 
Foii}i;r(*s.s, ii(‘id in Sanliago, ('liilc, DoconilKa- 25, 1900 to Januaiy 5, 1907, a 
Second I^in Anu'riean Sciiaitifu* ('on^i’oss will nu (9 in Washington next Decenibej' 
und(M‘ the ans|)ices of tlie ( JovcM'iuneni of llu' Fnited Stalt's. The Fongress will 
oprai on Monday, Deeenilxu' 27, 1915 and adjourn on Saturday, Januaiy 8, 1910. 

Fhe Fjxecutive Coinniittee of the Fongress is as follows: 

William Pjiillii‘s, A.P., Third Assisi ant Secretary of State, Fhairmaii ex officio. 
James Prowx Scott, J.IM)., Secretary, Faniegie fJuloM’ment for Interna- 
tional Peace, \’iee ( 'hairman. 

William H. Welch, M.D., LL.D., President, JNTitional Academy of Sciences, 
Honorary ^'ice (’hairman. 

John Ih\uuETT, Id.,])., Director Feneral, Pan American Lnion. 

W. H. PiXHV, Prigadier Feneral, Ih S. A., Petired. 

JhiiLANDEK P. Clanton, l.L.D., Fomniissiouer of Fdm'ation. 

Wii.LiAM ('. Foroas, M.D., Sc. I)., Surgeon Feneral U. S. x\. 

William IF Holmes, P.S., Head Furulor, Smithsonian Institution. 

Hennen Jennin(;8, (MF, fanner ITesident, London Institution Mining and 
Metallurgy. • 

Feokge At. Pommel, IFS., ( 'liief, Animal Husbandry Division, Bureau oFAnimal 
Industry, Department of Agricultui’e. 

F. S. Rowe, Pti.D., President, American Aiaidemy of Political and Social Science. 
PouERT S. WModwakd, Pii.l)., President, Carnegie Institution of Wa.shington, 

The Organization Officers are: 

John BAuiiETT, FLT)., Secretary Feneral. 

Flkn Levin Swiooktt, Ihi.D., Assistant Secretary Feneral. 

Headiiuarim's: Pan American linion, Washington, 1). F. 

'file Pan American Sciiaitifie ('ongress had its origin in the scientific con- 
pnssesfhat had lieen held liy the licpublics of Latin America prior to the Congress 
in Santiago, .and W!is established M’ith the gimerons eonviction that the United 
Stales should share in their nndeitnking. This conviction was splendidly shown 
in th(' unsolieited and voluntary action of the Fii’st ('ongress in tlie selection 
of Washington as the place of iiK'eting of llu* Si'cond Congress, the main purpose 
of whieh will be to ima'ease the excliiiiige of knowledge and bring about a better 
undersianding of the Miiys in which tlie several Pcpul)lies can work to the ad- 
vtmeenieut of science, the increase of cultuna and tlie promotion of trade, com- 



merco and mutual holpfulnoss. In vu^w nf tlu‘ f:u‘l tlup ihin Srroiul (' on^r(‘ss is 
to be field uikIim- the auspi<‘(^s of tlie (lovia'iiniml oft hr Tniled States, it isearni'stly 
hoped that our ioremost s(‘i(ailists, li'anietl societies and ('dueational institutions 
will C()()porat(' in way ])Ossil)I(’ in ordia' to insin'i' the sueet'ss ol tin' t 'on»i'(*ss. 


Tlio nine main Seetionsof the Pro,u;rtuii of tlu’ Con^i-i'ss. witli tlu' names of 
the (diairmaii in charge of each Section, are as follows: 

. L Anthropolo^iy, Mr. William H. llohues. 

IL Astronomy, Meteorology, and Seismology, Mr. Robert S. Woodward. 

III. Conservation of Natural Resources, Agiiiailture, Irrigation and 

Forestry, Mr. Ceorge M. Rommel. 

IV. Kdueation, Air. P. P. Claxton. 

V. Engineering, (haieral \W 11. Rixby. 

VI. International Law, Public Law, and Jiirisprudenee, Mr. .lames 
Brown Seott. 

\n. Alining and AL'lallurgy, Feoiiomie (U'ology, and Applietl Chemistry, 
Air. Hennen Jennings. 

VIII. Public Health ami A[(ali(‘.al Seiem-e, Cuaieral Wm. C. (lorgas. 

IX. Transportation, ('oinnmree, Fiiiaiua', and Taxation. Mr. L, S. Rowe. 

Each Section is divided further into Sul)-S(‘etions. Thi'n' are forlv-tive 
of the latter in all, each with a spi'eial Commit t(‘e and Program. 'rh(‘ tlelilieralions 
of the Congress will ])e based, in eonstapieiu'e. aceording to I lie subj(*et-matt(a‘ to 
Ijo discus.sed in the various Sub-Sections. In addition to the general st'ssions of 
the Congress, there will be joint si'ssions (he dilTenait Sections and Sul)- 

Seetions. Several of tlu' leading national associations of the I'nited Slates, con- 
cerned with the investigation of .^ubjials of |)eilinent intiavst to some of the Sia*- 
tions of the ('nngress, have RMa'ivi'd and accepted invitations from tin' IXeiaitive 
(‘ommittee of the Second Pan Anunh'an Seientitie (ongn'ss to meet in W’ashington 
at the same time and hold one oi’ mo]’(‘ joint si'ssions with n Seel ion or Sub-Si'clion 
of corresponding interest. 

following persons will be nuanlK'rs of tin' Congress: 

• The official delegates of the countries re])r(‘sen1(‘d. 

The rcpresi'iitatives of tin' univeisities. instil uti's, soeielii's, and scientific 
bodies of the countries represented. 

Such persons in the countries ])articipating in tln> ( 'ongress as may 
be invited by the Executive Comniiltci'. with tin' ti])!n'oval of the countries 
represented. 

All writers of itapers. 

All members of the ( 'ongress shall 1)(' entitled to attiaid it.s si'ssions, to take 
part in the debates and to receive a copy of su(‘h ])ubli(*ations as the Executive 
Committee may issue. Thei'e will be no nn'mliershij) fei* of any character. 

Th% interest throughout Latin America for the ('ongn'ss is steadily growing. 
The Executive Committee is ussm’cd that all of thes(' countries appreciate deeply 
the active preparations now being mad(' in Washington for a successful meeting, 
and will avail themselves generously of this great opportunity for Pan Anieiiean 
solidarity of action in intellectual interests, laach of the participating Latin 
American countries, eighteen in numljcr, has been invitral to aiopoRit a ('ommittee 
to cooperate with tlie Kxeeutive (hmmittee of tlie (hngn'ss and make such 
arrangements as will insure the most generous paiticipation of each country in the 



Congress through the attcmdance of delegates and representation oiythe Program. 
A feature of particular importance and appealing interest to the Latin American 
countnc'S is that of the spt'eial Pan American topics which will be discussed at the 
time of the (-ongieH-s in a s(a'ies of conferences. The various Sections of the 
( jnigress, and in some easels the diflerent Sub-Sections, have designated certain 
topics to be discussed in this manner. Each country has been invited to select 
its Jiiost (aninent writers to prepare papers on these topics, one person for each 
topic. 

Section VUI, Public Health and Medical Science, one of the important 
Sections of the ('ongrc.ss, will discuss sul)jccts of vital Pan American interest in 
tiio field of infectious and nutritional diseases, vital statistics, public health meas- 
ures, sojaological medicine and sanitation. A most valuable feature of the Pro- 
gram of this Seclion will V>c the three laboratory conferences on Anaphylaxis, 
Pi'otozoa and ( 'ancer. The leaders of the.se three symposia, in which some of the 
most eminent Pan American specialists will take part, are respectively Dr. John 
E. Andei’Son, Dii’cctor Hygiene Laboratory of the United States Public Health 
Sru'vice, AVuishiiigtoir, Professor (hiiy N. Ualkins of (.dlumbia University, and Dr. 
L (‘0 Loeb, Direcloi* Dt'pai'tmcnt of Pathology, Barnard Skin and Cancer Hospital, 
St. Louis. 

The C’haii'man of this Section is Surgeon-Geheral William Crawford 
Gorgas, pcrhai)s the most dislinguishetl American expert in tropical medicine of 
Pan AmcricuM reputation. General Gorgas is particularly well-known for his 
creative work in the field of sanitation in Cuba and Panama. He was one of the 
delegatees of the United States to the First Pan American Scientific Congress, held 
in Santiago, (ihilo, in 1908. The Secretary of this Section is Major Eugene R. 
Whitmore .-Xrmy Medical School. Dr. Whitmore is also Chairman of the Sub- 
Seetion on lalioratory conferences. 

Til addition to the Chairman and Secretary, the Committee in charge of 
the Section on Public Health and Medical Science includes the following: Col. 
John V"an R. Hoff, U. S. A., Retired, \ucc Chairman; Surgeon General Rupert 
Blue, in charge of the Sub-Scction on Public Health ; Director of the Census Samuel 
I. Rogers in charge of the Sub-Section on Vital Statistics; Dr. John M. Kober, 
President of the National Association for the Study and Prevention of Tub*culosis, 
in charge of the Sub-Section on Sociological IMedicine, and Surgeon GenerarAVm. 
C. Braisted, U. S. N,, in charge of the Sub-Section on Sanitation. 

For this Section some of the most distinguished scientists and medical 
experts in Pan America have been invited to prepare papers on the ‘different 
subjects described in the Preliminary Program, edition of April 15th, a copy of 
which may be obtained on request to the Secretary General of the C(Higress. 

The follo^villg topics have been proposed for the series of special Fan 
American conferences to be discussed by all of the participating countries: 

(a) In the Sub-vSection Vital Statistics: Progress of Vital Statistics in 
I^an iViiKuican eountrios, 

(b) In the Sub-Section on Sociological Medicine: Etiology and Pre- 
vention of Tuberculosis from a sociological standpoint. 
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NOTICE TO CONTRIBUTOIIS 


Tho JoL^nN’AL OF I'jXpek I MENTAL ZooLOGY, appearing eight times a year, will publish 
papers wliich embody the rf'.siilts of original research of an experimental or analytical 
nature in the field of zoology, including investigations on growth and development, 
both normal and pathological, on reproduction, regeneration, cellular phenomena' 
evolution, variation, heredity and ecology, and upon topics in general physiology! 
Contributions must not be of unreasonable length. In general, it is not desired to 
publish piipcrs that occupy more than fifty printed pages. Preliminary notices will 
not be published. 

No paper that has already appeared elsewhere will be accepted for publication. 
Simultaneous publication in another journal will not be agreed to. 

Alaniiscripts should be typewritten on one side of light weight paper, 8^ X 11 inches, 
and should he packed flat, not rolled or folded. 

The contents, tables, quotations (extracts of over five lines) and all other subsidiary 
matter usually set in type smaller than the text, should be typewritten on one or more 
separate sheets and placed wil h the text in coi rect sequence. Footnotes should not be 
in with the text (reference nuinbers only), but typewritten continuously on separate 
sheets, as many to a .she(*t as convenient, and numbered consecutively from 1 up. 
Kx])Ianations of figures should be treated in the same manner, and like footnotes should 
be put. .at the end of the text copy. 

Figures should be drawn for reproduction as line or half-tone cuts, so that they may 
no printed in the text, cither singly or in groups, unless the author is prepared to defray 
the ad<litional cost of a more expensive foi m of illustration. Half-tones are frequently 
printed separalcly as i)Iatcs to olitain the required details. All colored plates, litho- 
graphs, hcliotypes. photogravures, etc., are printed separately, and cost extra. In 
grouping the drawings it should be borne in mind that, after the reduction has been 
made, tlic figures are not to exceed the dimensions of the printed matter on the page, 
X 6i inches. Single plates may be 5 X 7| inches, or less, and double plates (folded 
in the middle) ll.j X '1\ inches. Avoid placing figures across the fold if possible. 

The lettering of the figures should be made with a view to a neat appearance when 
printed. Printed letters and numbers will be furnished witlTout cost to authors for 
tiieir illustrations. A list of letters and numerals should be given, also the number 
of each required, and tho reduction to winch they are to be subjected should be stated. 

Galley proofs and engraverhs proofs of figures are sent to the author. All corrections 
slmiikl 1)0 clearly marked thereon. Page proofs are revised by tlie editor. 

Manu.sciipt s and drawings in every case should be submitted in complete and finished 
form. "1 he AV istur Instil ute reserves the privilege of returning to the author for revision 
approved manuscript and illustrations which are not in proper finished form.for the 
printer; or, if the author so desires. The Wistar Institute will prepare the manus^.ript 
and drawings and chargi^ the autiior the cost of this work. 

A Style Prief, giving the typographic arrangement and methods to be followed in 
the prejiaration of manuscrijits and drawings for publication in this journal, will be 
sent free to authors upon application. 

The Jm-RNAL funiisltes the author 50 reprints of his paper gratis. Additional 
copies may be obtained according to rates accompanying galley proof. The order for 
reprints should be sent wllli galley proof, for which purpose blank forms are supplied. 

Manuscripts and drawings should he sent by express or registered mail to the 
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L IXTROOUCTIOX 

The fact that there are two kinds of teratoloj2;jcal variation, 
Gvne caused by gametic constitution and therefore h(U’ita))le, the 
other occasioned by the action of cnvironificntal conditions, and 
not heritable, has been recognized for some years. Tliere was 
for a time an endeavor on tlie part of many investigators to show 
that all abnormalities were due to conditions of nurture; but (lie 
discovery of the strict mcndeliaii inheritance of a large number of 
malformations has overthrown that theory. In many of the 
metazoa both kinds of teratological variation, gametic and en- 
vironmental, have been studied, and their causes and Inhavior 
partly detennined. In the protozoa the abnormalities caused* 
by the action of external factors have rcc(n\AKl l)y far the great- 

^ Part of tbe T\'ork here reported was completed wliile the author ludd the 
Alice Freeman Palmer Research Fellowship of Wellesley ( (dlege. 
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est amount of attention, heritable abnonualities having been 
but little studied. This paper presents an investigation of herit- 
able abnormalities in Paramecium. 

The principal points examined in this presentation are the 
following: The origin and nature of the abnonnalities; their 
relation to conjugation; their inheritance and variation in uni- 
. parental reproduction, with relation to the present day prob- 
lems of ^pure line’ work; how precisely inheritance occurs ; whether 
there are variations of kind and degree of abnormality; whether 
such variations are themselves inlierited; whether by selection 
abnormal stocks multiplying asexually can be altered in their 
hereditary characteristics or differentiated into two or more 
hereditarily diverse stocks; their relation to biparental inherit- 
ance; their relation to survival. 

Previous ‘work on the abnormalities found in protozoa has 
dealt mainly, as before remarked, with the results of environ- 
mental action. Jollos (T3) subjected a race of Paramecium 
cau|latum to changes of temperature and obtained by this 
method differences in size, as did Hertwig (’08),Popoff (’08, ’09), 
and Rautman (T9). Jollos found that these changes are transi- 
tory and soon disappear as the paramecia become adapted to 
their new conditions. In a short preliminary note, which does 
not present the evidence for his conclusions, he states that in 
one ’case he obtained a permanent change. He subjected a 
race of Paramecium to a high temperature and obtained a race 
which was permanently small at high, homial, and low tempera- 
tures. Popoff (’09) was able to produce by experimental means 
two abnormal races of Stentor, one giant and the other dwarf. 
He centrifuged a dividing Stentor, and so caused an unequal 
distribution of the nuclear material. The daughter cell which 
received the smaller part was one-fourth the size of the cell 
which received the larger part. These two multiplied nor- 
mally for about a week and during that time retained their 
abnormal sizes. The cultures were then lost. He obtained 
‘another giant race of Stentor by suddenly cooling a dividing 
individual. , The division did not take place and the animal 
reorganized into a single individual whicli^rew and subsequently 
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divided, forming a giant race which was kept for about forty- 
five days, and during that time bred true. Lewiii (’10) obtained 
abnormally-nuclcate races of Paramecium by cutting an indi- 
vidual through the macromicleus. The production of form al)nor- 
malitics in Paramecium by cutting and other experimental nutans 
has been studied by Calkins (Tl), Peebles (T2), Halbiani {'93), 
McClendon (’09), and Jennings (’08). They all found that such 
experimentally produced abnormalities are mechanically handed 
on to one daughter cell at each division for a longer or shorter 
time. 'But such abnormal forms are griulually remodelled dur- 
ing successive generations, or die, and their normal sisters sliow 
no tendenc}^ to produce abnormal progeny. The teratologicail 
variations that arise spontaneously in a culture multiplying 
vegetatively have been studied extensively by Jennings (J)8). 
With one exception he found that all such forms either die 
very soon or give rise to a race of normals. In one case ho did 
find that the abnormal individual gave rise to a race; of abnor- 
mals, the deformity being such as to prc\mnt the daughter cells 
from separating after dhusion, thus foi^ming what have been 
called ^double monsters.’ in all other cases tlui abnormality 
was not a race character but an individual character and was 
not inherited. During the course of a year’s work at tlu; Johns 
Hopkins University I followed the history of se\’eral abnormal 
forms which had arisen in the cultures of normals being carried 
on' by other workers in the laboratory. In no case did these 
forms give rise to a race of abnormals; in one case a race of 
normals resulted; in all other eases death occurred cither before 
any divisions had taken place or after one or two irregular divi- 
sions. In rare cases, Jennings (’13) found, alinormalities may 
arise in the members of split pairs; that is, in the members of 
pairs separated before conjugation has been completed. But 
these also never gave rise to a race of abnormals, either dying 
very soon or becoming entirely noi'mal. 

Teratological variations arising soon after conjugation have 
been described in a few cases, Simpson (’01) observed four 
daughter cells of a normal exconjugaiit Paramecium, three of 
which were normal whMte the fourth was posteriorly split. This 
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unimal divided eight times arid its histon^ was similar to that 
given above for the experimentally produced abnormalities in 
Paranieciurn. Tlie abnormal character was handed on to one 
cell at each division, and the abnormal animal produced by the 
eighth division died. All of the sister cells and their progeny 
were noi’inal. The only other observation known to me on the 
abnonnalities arising after conjugation is made by Jennings in 
his 1913 paper quoted above. While he found only extremely 
rare and transitory abnormalities among his ^split pairs’ and 
‘free’ individuals, he found a large proportion of malformations 
among his exconjugants and their progeny. He describes their 
different tyi)es, characteristics, and constant and continued 
appearance throughout the course of his experiments; and adds, 
“A ]u*ecisc study is greatly needed, as to the minute character- 
istics of these abnormalities, their heritability, their experi- 
mental cause, and their cytological basis.’’ It was at his sug- 
gestion that a series of experiments was started for the purpose 
of studying these problems, and under his direction that these 
experiments ha^'e been carried through. I wish to express here 
my most sincere thanks for the constant help he has given 
during the entire course of the work. 


11. METHODS 

la all of the cultures on which this work is based the method 
of handling, cultivating, and recording was identical with that 
described by Jennings (’13). Conjugation was first induced; 
after tlie pairs had separated the t\ro members were isolated and 
culti\'ated separately in per cent Ilorlickh malted milk 
(Peebles, T2). Each pair was numbered, and the two members 
of a i)air designated a and h; tlie races which arose from these 
exconjugants were called after them in the same way, 26, 
3a, and so on. Beside the slide cultures, mass cultures were 
also kept for each race. These were kept in bottles and each 
bottle was labelled correspondingly, 2a, 2b, 3a, and so on. The 
method of recording, described by Jennings was supplemented 
ill my work 1)y drawings of the abnormal forms. In a few cases 
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this was impossible because of tlic rapid movements of the ani- 
mal. For about two weeks after conjugation canuu’a lu(*ida 
drawings were made of the abnonnal forms. These were often 
less active than the normal forms and aftiu- being in the same 
drop of culture fluid for two days all of the individuals were 
more or less sluggish. So with a little ])atience camera lucida 
drawings could be obtained of almost all the abnormals. ^MJen 
the number to be examined and drawn became \'erv large, how- 
ever, there was no time for that ])rocedure and free liand draw- 
ings were made in the majority of cases, camera lueida only in 
such cases as seemed of more than ordinary interest, d'lu* slid(‘ 
cultures were examined every othei’ day during tlie cool weatlua*, 
every day when it became very waim, tlie individuals countial, 
the abnormals drawn, selection mad(' of those by wlii(h tin* 
slide cultures should be carried on, and tlie others put into the 
bottle mass-culture corresponding to that race. Tlu* individuals 
selected for slide culture were then washed in the milk solution, 
and put into fresh fluid on eleau slides. 

TIT. EXPKRnn-:\TAL (T’LTrHKS 

The material presented in this jiapcu' is deri\'(‘d from three' 
experimental cultures carried from the fall of 1912 to the spring 
of 1914. The first experiment, conducted from Di'ci'inbor 2, 
1912, to June U, 1913, wa.s carried out with exconjugaiit mem- 
bers of a wild population which doubtless included members of 
ihany diverse stocks. The chief aim of this first experiment was 
to ascertain whether or not abnormalities were I'.ver inh('rit(*d, 
and to what extent. From November 25, 1913 to December 
22, 1913, a second experiment was conducted on a grouj) ol 
animals all descended from one individual, constituting theri'- 
fore a ‘pure Une^ or ‘clone.’ It was concenicd mainly with deter- 
mining the effect of conjugation among the menil)ers of a singh? 
clone, particularly as to the production of abnormalities; this 
^vas brought out by a (comparison of exconjugants with mem- 
bers of split pairs belonging to the same (done. In the first 
experiment some work on the effect of selection was attcm[)ted; 
but the third experiment, carried out on a wild population from 
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January 14, 1914, to April 1, 1914, was concerned wholly with 
that problem. In it an attempt was made to ascertain the 
efficacy of selection as a means of breaking a single clone into 
two or more lines differing hereditarily in amount or kind of 
abnormality. 

In all three of the experiments, in two of which very large 
numbers of exconjugants and their descendants were studied, 
a large proportion of the resulting races were abnormal, just as 
was the case in the exconjugants studied by Jennings (^13). 
In Experiment 1, with a wild population, the propor^on of abnor- 
mals w^as 36 per cent of the entire 262 exconjugants. In Experi- 
ment 2, with the members of a clone, the proportion of abnor- 
mals was much higher, being 81 per cent of the whole 200. In 
Experiment 3 the number of exconjugants studied was small; 
the abnormal races formed 43 per cent of the total 28. In the 
54 members of the 27 split pairs of Experiment 2, twenty of 
which were cultivated for 19 days, and thirty-four for 7 days, 
no abnormal# at all appeared. Whenever sets of individuals 
are isolated without conjugation and cultivated in the same way, 
no such proportion of abnormals are observed; indeed as a rule 
no abnormals v/hatever arc obtained. We shall return later to 
the relation of the abnormalities to conjugation (page 412). 

The exconjugants from large cultures of paramecia may be 
divided, on the basis of their subsequent history, into a number 
of diverse classes, which are summarized for our three cultures 
in table 1. 1) A few pairs, in some cultures, never separate, 

but die while united. 2) A considerable number, in some 
cases, die within 24 hours after separation. 3) Others live 
after separation — often for a long time — but never divide. 4) 
A fourth group divide, but produce individuals that are in some 
way and to some degree abnormal. 5) Finally, a certain pro- 
portion propagate normally after conjugation, giving rise to 
typical progeny. The proportions of these different classes are 
shown in table 1. 

The single pair that did not separate hved united for five days. 
The exconjugants that never divide after separation form a large 
proportion of the abnormal individuals, rising to 28 per cent of 
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TABLE 1 

Diverse, types of exconjugant^, their tiumbcr (uul proportion in the three 
* experiwcntal e id to res 


BXPERI- 

1) N'EVER 
fiEPAR.lTED 

2) DIKII 
FIP.-^T D.VY 


li nh;\ Kp 
[)I\ IIlKD 

4) I’lunsK.w 

.^H.VOILMAI. 

5) 

IMDKiKNV 

KdHM.M. 



!No. 

Per cent j 

No,| 

Per cent 

Xo 

I'ercerit j 

X(>.| 

Percent 

\(t 

Per 


1 

0 

, i 

25 ' 

10.0 

1 "“i 

! 28.0 

21 

8,0 

|142 

54.0 

202 

. 2 

2 ; 

1.0 

3 

1 .5 

27; 

14.0 

133 

' 06.0 

i-so 

* 17.5 

200 

3 

0 ! 


0 


o' 


12 

! 43.0 

1 

1 57 . 0 

28 

Total. 

2 

0.4 

— i — 

28 

5.7 

101 



1 20.0 

100 

1 33.9 

193 

1 39.4 

490 




all in Experiment 1. These often li\^e foi- some time, the length 
of life varying greatly. The length of life in days for the 101 
exconjugants that never divided was as followvs; 


Length of life In days l 3 *> 7 !) II 13 15 17 Total 

Number of exconjugants : 

Experiment 1 0 0 46 10 4 5 6 3 1 74 

Experiment 2. .. ! 2 <S 4 2 1 10 0 0 0 27 

. Total 2 8 oO 12 o lo 5 3 1 101 


All of the animals of Experiment 2 which never divided were 
dead by the thirteenth day after conjugation ; in Experiment 1 
nine such individuals lived for some time after this. Those 
that live for a ndmber of days often change a great deal in size 
and shape; many of them become immensely large. Twenty- 
eight of these individuals were measured; for their lengths and 
diameters on successive days after conjugation see p. 474. 

The diversities of size and shape ^mong these individuals is 
illustrated in figure 1, which shows nine of the individuals of 
Experiment 1 which never divided, all camera lucida drawings 
to the same scale. The usual size of Paramecium caudatum on 
the same scale is shown in figure 5. 

The largest single individual Paramecium that I have ever 
seen was the first individual listed below for Experiment 1 ; it 
measured 520 by 150 microns, as against a usual length of 150 to 
200 microns. The smallest individual that never divided was 
likewise in Experiment 1; it measured 128 by 10 microns. It is 
evident that there was much greater variability in size, shape, 
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and lenp;th of life, in tlfese individuals of Experiment l,than in 
those of Experiment 2. It appears probable that this is con- 

Experiment 1 


Sevent li rliiy 

Xiiitli day 

Kltvi'iith daj' 

Thirtci'Mlli day 

Fifteenth day 
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340 X 130 

320 X 100 

220 X 55 
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i 
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1 


350 X 

110 
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340 X 

110 


350 X 130 



340 X 

100 
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70 
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240 X 150 



300 X 
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200 X 
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240 X 105 


200 X 

1(X) 


300 X 170 



2S0 X 
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210 X 
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200 X 

20 


210 X 20 



100 X 

100 
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20 

250 X 50 




120 X 

H, j 

200 X 35 

250 X GO 



Avo. 315 

> X 102 

288 X 01 

314 X 112 

227 X 88 

^ 220 X 90 


Expet'i tticnl 2 


.MKASCUIvMtMS OX 


Tldrd day 

Fifth d:iy 

Seventh day 

240 X 75 



240 X 55 i 

215 X 35 i 

210 X 65 

195 X 55 

145 X 35 

150 X 20 

190 X 45 

175 \ 35 

145 X 35 


A VO. 209 X 52 

145 X 35 

150 X 20 
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UGCtcd with the fact that the foriiici' culture coiisistocl of wild 
indi\ iduals, probably of diverse stocks, while the latter consisted 
of members of a single clone. This matter will be taken up 
later. 



Fig. 1 Xinc of llio of tixpcriinonf, I \v!ii(‘h iH'V('r dividi’d, show- 

ing the diversity of form and size among tliis (-lass. In (his figure and in lignres 
* 2 , 3, and 4, the animals were all drawn by means of (h«‘ eanunai Iindda, and are 
all to the same scale. (X 100) 

As a rule there appeared to be a tendency for these large 
individuals to gradually decrease in size (as sliown l)y tlie meas- 
urements above given). Figures 2, 3, and 4 show the cluinges 
in form and size in certain cases. 44ie forms wci’e frequently 
nearly normal; sometimes very abnormal, as the figures show. 
These individuals that never divided were usually lilack and 
granular^ and often changed shape when transferred to fresh 
culture fluid, becoming swollen at the anterior end; they later 
resumed their original form. A cytological study of these ani- 
mals might be of interest in connection Avilh the ‘Kern-Plasm 
Relation’ theory, and with the mechanics of division. Such 




Fig, 2 One of t lie individuala i^loa) of Kxpurinient 1 which never divided, 
showing the decrease of size and change of form it underwent from December 9 
to December 15, inclusive. (X 100) 

Fig. 3 Two of the individuals of Experiment 1 which never divided, showing 
the changes of form and size they underwent. The two figures at the left show 
iOa on December 9 and 11; the other two figures show IWa on December 9 and 
13. (X 100) 

Fig. 4 Three of the individuals of Experiment 1 which never divided The 
first two figures show 52a on December 9 and 13; the second two figures show 
89b on December 9 and 1‘3; the last two, 19b on December 9 and 11. (X 100) 
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large individuals, never dividing, do not appear after conjuga- 
tion in all cultures; some later attempts to obtain them for 
study have not been successful. 

IV. TYPES OF ABXOIUIAL RACES 

Of chief interest for our purposes are the oxconjugants which 
divided, but produced progeny some of whicli were deformed. 
The Unes of descent to which these deformed individuals belong 
I shall c^l abnormal lines or races; it is they that provide the 
material for the study of heredity, ^'a^iation, and selection lu'n^ 
set forth. 

The abnormal lines differ greatly in the proportion of abnormal 
individuals produced and in their later history. Not all the 
individuals produced are abnormal; and not all the abnormal 
races remain abnormal indefinitely. Reserving many of tlie 
details for our section on the results of selection, we may divide 
these abnormal races into three classes; 

1. In the first class are those races whitfh nltiiiuitely became 
normal. There were 39 races of this class, 1'he proportion of 
abnormal individuals produced ranges in the different races from 
one per cent to 41 per cent. In these races the abnormal indi- 
viduals gradually disappear, till finally only normals are pro- 
duced. Some of the abnormals of tliis class may be compared 
with the experimentally deformed animals; and with those wliich 
arise rarely in cultures that have not conjugated. They always 
form a very small proportion of their race, and either die out 
or produce normal daughter cells. Others however are not 
strictly comparable with the transient abnormalities described 
by other workers. They form a considerable and constant pro- 
portion of the individuals of their race; are continually produced 
for several generations ; and are often descended from both nor- 
mal and abnormal sister cells. But through the action of natu- 
ral conditions and in some cases the selection of the normal indi- 
viduals, the abnormals become gradually eliminated and the 
race entirely normal. Data on these 39 races of the three 
experiments is given in table 2. 
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212 

7 

3 

]i;ing('. . 


0 (u 22 

2 to 11 

2 to 314 

1 to 15 

Ito 41 

Av('rng('. . 


12 

6 

38 

4 

10 
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Figures 5 and 6 give pedigrees of two of these transicMitly 
abnormal races, numbers 14a and 102a, which are fairly tyjneal 
of this group. Race 14a (fig. 5) was kept for thirteen days. 
During that time it divided 17 times, giving an average of l.lll 
divisions a day. It showed no abnormalities until neeem])er 
11 (nine days after conjugation), wlieii the three individiuds 
which had arisen from the apparently normal animals soIimMihI 
on December 9 were, one large and very abnormal, one small 
and abnoilnal, and the thiivi small and almost normal in a])pear- 
ance. The large one died after liaving di^'i(l(Ml once. The t wo 
small ones had divided to form four normal individuals on 
December 13, and on December 15 had given rise to eight pei> 
fectly normal animals which .were then discai'ded. 

Race 102a (fig. G) divided very slowly at first, avei’aging 0.5 
divisions a day. The average division a day for the whole tiiiu' 
the race was kept was 0.8, tlie animals dividing iimeh more 
rapidly toward the last. This excoiijugant showed no signs el 
being abnormal until Decembei’ 11, when tjie tliree forms jin's- 
eiit were very abnormal, two being doul)l('s and one a very 
much swollen individual. One of the doul)le forms mo^'('d in 
a circle so swiftly that it could not be drawn. Both of th(‘ 
double forms died without dividing; the large swollen om^ gav(' 
rise to a perfectly normal race which was discarded on Deccunber 
17. 

*2. In the second class of abnormal races luv those which 
persistently produced abnormal individuals throughout tludr 
history. There were 9 such races in Experiment 1 and SS in 
Experiment 2. They differed greatly in tlu^ projxu'tions of 
abiiormals produced, varying fi'om races 100 per c(mt abnormal 
to those but 3 per cent abnormal. The pertimait data for these 
97 persistently abnormal races is gi^xm in table 3; 

In many of these persistently abnormal races iudi\’idLials 
appeared which were normal in form. But these if pro])agated 
eventually produced abnorinals. further details as to this will 
be given in our section on the effects of sehadion. 

Figures 7 and 8 give pedigrees of two of the short-lived races 
of this group, 39b and 40b, which show the typically persistent 
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Fig. 5 Pedigree of i4i^, one of the abnormal. raees \vhich became entirely 
normal. (X 100) 
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Fig, fi Fedigreu of 10£a, one of the abnormal races wfiteh became entirely 
normal. On Some dates (he abnormal forms could not be drawn; they arc siijjply 
designated as 'abnormal.' 
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TABLE 3 


The 97 races which remained persislevtly abnormal 


KXI-KKI- 

MKN'T 

ltAf:K 

.ES'CTH OKI.IKR 
I.V DAV)i 

OR 

CIKNERATIOXS 

\UM3ER OF 
-VOKMALH 

NT'MBEB OK 
ABNORMALS 

If 

PER CEXT 
ABNORMAL 

1 

2ii 

lo 

3 

3 

1 

25 


16h 

0 

5 

18 

2 

10 


2ol) ' 

9 

2 

0 

2 

100 


30b 

25 

9 

14 

12 

46 


40b 

17 

8 

10 

8 

44 


■Ha 

9 

3 

0 

5 

100 


Ola 

15 

2 

0 

2 

100 


lOGa 

0 

9 

0 

2 

100 


(’ 

101 

303 

2027 

2G83 

57 

2 

21) 

27 

11 

55 

19 

26 


Oa 

11 

4 

5 

4 

44 


7b 

15 

0 

4 

0 

69 



17 

5 

G 

7 

54 


GGb 

11 

G 

4 • 

13 

76 


8b 

17 

7 

20 

15 

43 


Oa 

11 

4 

2 

6 

75 


001) 

11 

2 

2 

11 

33 


Ha 

21 

10 

13 

28 

08 


lib 

21 

s 

21 

14 

40 


1 lb i 

15 • 

0 

17 

8 

32 


IGa 

23 

7 

25 

S 

24 


LSI) 

11 1 

G 

18 

1 

! 0 

22 


10a 

17 

G 

i 

IG 

43 


10b 

23 

G 

10 

IG 

66 


20a 

27 

TO 

224 

187 

45 


201) 

10 

5 

11 

10 

48 


21a 

21 

■ 10 


17 

40 


21b 

13 

4 

2 

5 

71 


22a 

13 

4 

G 

3 

33 


22h 

11 

4 

G 

G 

. 50 


23a 

25 

8 

21 

5 

19 


231) 

’b) 

s 

33" 

25 

43 


24a 

0 

•) 

1 -■ 

1 

33 


241) 

11 

() 

10 

4 

29 


2:)a 

23 

j ' 

13 

10 

43 


23b 

11 

4 

7 

4 

36 


27 a 

11 

4 

4 

5 

56 


27b 

0" 


303 

550 

65 


2<Sa, 

15 

5 

1 10 

0 

32 


28b 

13 

4 

i „ 

1 ' 

S 

53 


20b 

I 10 

8 

! 

18 

1 ■ 
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TABI.E 3-Coiitiiniul 


2XPERI- 

FACE 

ENGTH OF LIKE 

IN DAYS 

XI MBER OF 
CIEMKRATION'S 

M SIHKH OF 

\'0 

M’MUKH OF 

PKR CENT 
ADXORktAL 


30b 

19 

s 

18 

17 

49 


31a 

13 

5 

5 

11 

69 


31b 

11 

5 

13 

8 

38 


32b 

11 

2 

3 

1 

25 


33a 

21 

5 

12 

5 

29 


33b 

11 

5 

5 

6 

55 


35a' 

11 

5 

4 

11 

73 


39 a 

13 

4 

3 

4 

57 


39b 

23 

8 

36 

20 

36 


43a 

27 

10 

322 

22 

41 


43b 

11 

5 

13 

6 

32 


44a 

11 

4 

8 

2 

20 


44b 

13 

2 

2 

2 

50 


46b 

11 

4 

11 

5 

31 


48a 

27 

19 

91 

133 

59 


4Sb 

23 

7 

28 

9 

24 


54b 

13 

7 

27 

3 

10 


, S6b 

9 

4 

4 

8 

66 


' 58a 

17 

8 

35 

4 

IP 


58b 

11 

3 

3 

4 i 

57 


59a 

11 

6 

30 

1 

3 


61a 

13 

5 

25 

7 

22 


62b 

11 

4 

4 ' 

6 

60 


63a 

11 

5 

22 

12 

35 


65a 

17 

6 

10 

9 

47 


67a 

13 

4 

11 

6 

35 


67b 

21 

6 

15 

11 

42 


68a 

19 

7 

31 

4 

11 


68b 

11 

2 

4 

1 

20 


69b 

17 

8 

24 

11 

31 


70a 

21 

7 

23 

41 

64 


70b 

27 

4 

18 

19 

51 • 


71a 

13 

5 

8 

7 

47 


72a 

15 

7 

20 

10 

33 


73b 

11 

5 

7 

10 

59 


74a 

17 

7 

12 

32 

73 * 


74b 

11 

6 

'6 

20 

81 


. 75a 

11 

3 

5 

3 

37 


75b 

11 

5 

13 

4 

24 


76a 

11 

4 

9 

8 

47 


76b 

13 

4 

9 

2 

- IS 


79a 

27 

21 

186 

M3 

43 


82a 

9 

1 

3 

3 

0 

i " 
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TAHLE 3 — C.'ontinuod 


EXPERI- 

MKNT 

n.vcK 

{\ DAYS 

N'L'MhiKR OK 
GKSf:n\T((j\5 

Xl MBEIt OK 
NORMALS 

NUMBKK or 
ABNORMALS 

PER CK.VT 

ABNORMAL 

2 

82b 

0 

4 

4 

8 

07 


S4a 

27 

7 

15 

. 20 

57 


80a 

11 

5 

10 

60 

37 


89b 

27 

7 

45 

22 

33 


00a 

19 

4 

11 

4 

27 


90b 

21 

4 

. 8 

4 

33 


92a 

17 

; 3 

7 

5 

42 


94a 

' 28 

7 

12 

23 

66 


94b 

13 

3 

7 

5 

42 


9Ga 

23 

7 

IS 

25 

58 


98a 

1.5 

0 

s 

2 

20 


OOa 

13 

4 

5 

3 

37 


100b 

19 

3 

6 

5 

45 

Range. . . 


0 to 191 

2 to 303 

0 to 2027 

] to 2683 

3 to 100 

Averag(^ . 


IS 

9 

41 

47 ! 

53 


appearance of the character in all their lines, Race 39b (fig. 7) 
divided seven times in eight days, forming only normal indi- 
viduals until December 11, 'when six of the eight individuals 
present were very much misshapen. After this date only abnor- 
mals were produced by this race, which died out on December 
27. There was a very large proportion of double forms among 
the individuals of this race, eleven of the twenty-five abnormals 
produced being of this character. 

Race 40b dig. 8) divided regularly to form only normals up 
to December 11, when three out of the five then present were 
abnormal. The two normals died out and the race was carried 
on through the abnormal individuals. These produced only 
abnormal progeny and the race died out on December 19. 

Race C, described on pages 414 to 420, is a typical long-lived 
race of this group. 

3. As the third group of abnormal races we may distinguish 
those which did not become entirely normal, but from which 
normal races were obtained by continued selection. This group 
will be dealt with in our section on selection. 
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Fig. 7 Part of the pedigree of Sdh, one of the short-lived races which re- 
mained abnormal throughout its life. The broken connecting lines designate 
the omission at that point of two entirely normal generations. 
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DEAD 

Fig. 8 Pedigree of another short-lived race which was abnormal through- 
out its life. 
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V. XATURl' OF THE ABNOUMALITIK,S 

Descriptively considered, the abnormalities shown by th(’ indi- 
viduals of the abnormal races are of many diverse sorts. I liave 
been able to distinguish 40 different types of abiiorinals. ddu'se 
are shown in figure 9, and their frequencies in the threi^ ex])en- 
ments are given in table 4. Most of the races of f’lxjieriment 1 
developed one or more representatives of a large number of 
these types; some of the races had representati\'es of all but 
two or three. The high frequencies of so many of tliese typ('s 
in Experiment 1, as given in table 4 shov^s how giv^at tlie div('r- 
sity of form is among the individuals of that group. In experi- 
mentally^ produced abnormalities reported by other workei's on 
other animals, this diversity of type is always shown; as Mall 
(’08) says, there is never found any precise type of alniormality 
characteristic of certain conditions, but only a general cliaractcT, 
a tendency to abnormality of. many different types. Ihit some 
races of my experiments were more or less cliaracterized by a 
few types, which I have called their predominant typos. Tin; 
best examples of this predominance of type are race of lOxpcri- 
ment 1, and races 5Ga, 56b, and 59b of Experiment 3. During 
the early part of their histories these races sliowed considerable 
diversity of abnormal type; but this diversity was rapidly re- 
duced and the abnonnals became limited to a few types in all 
four of these races. During its whole history race V, produced 
iif its observed cultures 2683 abnormal; 1331 or 50 per cent 
of these were of type 33; 945 or 35 per cent were of type 27. 
The predominant type of the other three races was the same, 
number 27 of figure 9. Race 56a produced 1428 abnormals; 
70 per cent of them \Xcre of that type; 59 per cent of the 780 
abnormals of 56b were of type 27 ; and 50 per cent of the 2096 
abnormals of race 59b were of the same type. 

In the abnormals of Experiment 2 there was considerably less 
diversity of type than in the abnormals of Experiment 1. Only 
30 of the different types were observed in Experinnait 2; most of 
these appeared only a small number of times, 90 per cent of the 
abnormals being of five types (11, 26, 27, 28, 30). Tabic 4 gives 






25 26 27 28 29 30 31 



32 33 34 36 36 37 38 39 40 


Fig. 9 The 40 i.ypcs of ahnormals observed in the three experiments. In 
some cases two or more examples of one type are given in order to convey some 
idea of the variation within a type. The types which appeared in the three 
experiments and their number and proportion are given in table 4. 
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the numbers of the thirty types that appeared ainonjr the abiior- 
mafs of* this experiment and their frequencies. 

Likewise in the abnormals of hixperiinent 3 tiiere was less 
diversity of type than in those of Experiment 1. Table 4 gives 
the numbers of the 27 types observed and their frequencies; 91 
per cent of all the abnormals of Experinumt 3 were of five types 
(22, 26, 27, 30, 39). 

The lessened diversity of type observed in the (‘xperinumt 
with the members of a pure line (Experiment. 2) as compared 
with the members of a wild culture (Experiment 1) is just what 
we might expect from the constitutions of the two grouj)s. Tin' 
wild culture probably contained many \un'y di^xTse stocks; the 
conjugants probably were widely different in their ganu'tic con- 
stitutions; so that there is the greatest jmsslble opjiort unity for 
variation among their progeny. But all the members of the 
clone used in Experiment 2, by the theory of the pure liiu', hav(‘ 
identical gametic constitutions. This may be and pi-obably is 
highly heterozygous; but the diversity ja)ssible to the progemy 
of the different conjugants is limited by this heterozygosity. 
In Experiment 1 the diversity is liniited only to the characters 
possible to 262 members of the species Paramecium caudaturn, 
since every conjugant might possibly be different from every 
other; in Experiment 2 however this diversity is limited to the 
characters possessed by one individual Paramecium (the pro- 
gjenitor of the pure line used) and their possible recombinations. 
This fundamental difference in the constitutions of the two group.s 
is very probably a cause of the production of greater diversity 
in form, and in the size, shape, and length of life of the indi- 
viduals that never divided, mentioned on page 393. 

The individuals used in the third experiment cannot be con- 
sidered in this discussion, since they were derived from a small 
culture kept for some time in the laboratory, and the history of 
only 28 exconjugants is known. 

Most of the abnormalities which have been described in the 
metazoa are explained as arrests in development; as suppres- 
sions of some part of the normal process of growth and differ- 
entiation. Some of my abnormalities answer to this description; 
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TABLE 4 

Showing ike frequencies of the differerd types of abnormals in the three experiments 


TVPK 

KXPKSUML'XT 1 

EXPBRlME^r 2 

EXPERIMENT 3 

TOTAL 

Number 

Per cent 

Number 

Per I'cnt 

1 

NyiTiber 

Per eent 

Number 

Per cent 

i 

75 

1.36 

2 

0.05 

i 

6 

0.10 

i 

83 1 

0.56 

2 

31 

0.56 



3 

0.05 

34 i 

0.23 

3 

430 : 

7.02 , 

32 

0.90 ; 

90 

1.61 

558 1 

3.81 

4 

20 , 

0,47 



10 

0.18 

36 1 

0.24 

o 

102 , 

1 .85 

4 

0.11 

88 

1,58 

194 

1.32 

i] 

20 

0.36 1 


1 



20 i 

0.13 

7 

337 

6.12 

8 1 

0.22 

6 

1 0.10 

351 

2.39 

X 

112 

2.03 



1 

0.01 

113 , 

0.77 

0 

55 

1,00 

9 

0.25 

4 

0.07 

68 

0.46 

10 



22 

0.61 

2 

■ 0.03 

24 

0.16 ■ 

1 

' 107 

1 3.58 

109 

3.06 

134 

' 2.41 

440 1 

3.01 

12 

' 107 

1 1.94 

9 1 

0.25 


! 

116 

0.79 

13 i 

41 

0.74 

3 

0.08 

32 

0.57 

70 i 

, 0.52 

14 

123 

2.23 

11 

0.31 1 

42 

1 0.75 

176 j 

1.20 

lo 

' 23 

1 0.41 

1 I 

0.03 

6 

1 0.10 

30 

0.20 

16 

4 

0,07 

17 

0.47 

15 

0.27 

36 ! 

0.24 

17 

202 

3,67 1 

25 

0.70 



227 

1.55 

' 18 

31 

0.56 

5 

0.04 



36 

0.24 

10 

22 

0,40 

11 i 

0.31 

5 

0.09 

38 1 

0.26 

20 

22 

0.40 1 

3 

0.08 

10 

0.18 

35 

0.24 

21 

■ 43 

0.78 





43 

0.29 

22 

43 

0 . 7S 

2 

0.05 

322 

5,78 

367 

2.51 

23 

25 

0.45 

5 

0.14 



30 

0,20 

24 

30 

' 0,54 





30 

0,20 

25 

17 

' 0,31 

f 




1 

0.12 

26 

278 

5.03 

384 

10.76 

2891 

51.94 

3553 

24 . 28 ^ 

27 

1028 

18.60 

019 

' 25,76 

1 682 

12.25 

2629 

17.97 

28 

83 

1,51 

102 

1 2,80 

2 

0.03 

' 187 

1.27 

29 

9 

0.16 



! 8 

0.10 

17 

0,12 

30 

211 

3.83 

16S8 

47,32 

373 

6.70 

' 2272 

15.52 

31 

30 

0,65 

9 

! 0.25 



1 45 

' 0.31 

32 

1 

0.02 

54 

1.51 

2 

0 . 03 , 

i 57 

0.39 

33 

1430 

26.00 

' 87 

2.44 

54 

0.91 

1511 i 

10.32 

34 

56 

1 1,02 

15 

0.42 

11 

0,20 

82 

0.56 

35 

13 

0.23 



11 

‘ 0.20 1 

24 

0.16 

36 

80 

1.45 

1 1 

0.03 



81 

0.55 

37 

1 1 

0.02 

9 

0.25 



10 

0.06 

38 

55 

1.00 ' 





55 

0.37 

30 

1 i 

0.02 

5 

0.04 

736 , 1 

13.22 

742 

5.07 

40 

93 1 

1,69 

16 

0.45 

20 

0.35 

129 

0.88 

Total 

5109 

37.58 , 

3507 

24 '. 38 

5566 

38.04 

14632 

100.00 
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certainly the individuals that never divided, the double and the 
monster forms, and those abnormal races in which the division 
rate is very much lowered, can be explained in that way. Hut 
in a few of the abnormal races the division rate was normal, and 
there was very little tendency to die out; indeed they showed 
no abnormal characters at all except the development of a 
slightly bizarre form. It ace C is a good example of such a race. 
It lived for 191 days, had an average division rate of I.IG per 
day, and was consistently abnormal throughout its history. 

The mortality of the majority of the abnormal I'aces was 
however considerably greater than that of the noimal races. 
As the latter were all discontinued within a few days after conju- 
‘gation, nine days being the usual length of time they were kept, 
no exact comparison can be made between their mortality and 
that of the abnormal races. However, they may b(3 compared 
in a few ways, that show there are differences between them in 
vitality and tendency to die out. In each of the three experi- 
ments a large proportion of the abnormal races died within two 
weeks after conjugation, only a few races being kept for any 
length of time. In Experiment 1 there were 21 abnormal races; 
14 per cent (3) of these lived for over a hundred days (105/131, 
191) ; 29 per cent were lost or discontinued after, on tlie average, 
9 days of life; 12 (57 per cent) died after an average length of 
life of 15 days, and an average number of generations, b. This 
jgives an average division rate of 0.4 a day. The normals, dis- 
continued 9 days after conjugation, had an average division 
rate of 1.12 a day. The facts in the other experiment.^ are very 
similar to these; it is evident in all three that the abnormal races 
have, as a rule, a lower vitality and a greater degree of mor- 
tality. I expkin this as largely due to the fact that the abnor- 
mal forms are hindered in their locomotion by their abnormal 
shape and so have not the normal facilities for meeting the 
exigencies of their existence. They often lie motionless on the 
bottom of the dish or slide for long periods; it was this lack of 
energetic movement which made possible camera lucida diaw- 
ings of so large a proportion of them. It is probably for this 
reason that so few abnormals are found in the usual culture. 
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vr. THE ABNORMALITIES AS HEREDITARY CHARACTERS; 

VARIATION, INHERITANCE, AND SELECTION 

As we have seen, the abnormalities which we are considering 
arise in consequence of conjugation. Jf half of a given stock 
are allowed to conjugate, the other half not, the former develops 
many of these abnormal races, while the latter develops none. 
This shows that the abnormalities cannot be considered due to 
infection, nor their reappearance in the stocks to the handing 
on of an infecting organism. 

Since some lines are quite without abnormalities, while in 
others, under the same conditions, the abnormalities reappear 
for generations, it is clear that the tendency to abnormality is 
inherited. That is, the difference between a stock that thus 
produces abnormal individuals and one that docs not, lies in the 
constitutions of the stocks themselves, and is something that is 
transmitted during vegetative reproduction. 

Such hereditary diversities occur not only between normal 
and abnormal stocks, but also among the abnormal stocks them- 
selves. Precise types of abnormality are indeed not inherited 
exactly from parent to progeny; within a given line as we have 
seen there is great variation as to whether abnormality appears 
at all in a given individual, and as to the precise kind that occurs 
when the individual is abnormal. Nevertheless, as before set 
forth, certain types of abnormality are particularly common in 
some lines, other types in other lines. The diverse lines differ 
hereditarily in respect to something of which the diverse typical 
abnormalities are the outward results. It is only by keeping 
in mind the characteristic differences between lines that wc shall 
be able to grasp their relation to the problems of heredity. 

The hereditary diversities thus far mentioned are between 
lines derived from diverse exconjugants. If anything like Men- 
delian inheritance occurs in infusoria, we could well expect such 
lines to show hereditary differences; this is of course as a rule 
true in any organism after the union of two parents to produce 
progeny. 

On the other hand, in vegetative reproduction, and in general 
in long continued uniparental reproduction of any sort, a remark- 
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able constancy in hereditary characteristics lias been generally 
reported. All the progeny thus coining from a single jiarent 
have seemed uniform in their hereditary characjteristics, though 
they may differ in their bodily appearance. And this is quite 
in agreement with the known cytological processes accompany- 
ing the two types of reproduction. Jn biparental reproduction 
there is a reduction and recombination of tlie nuclear eicnuuits, 
of precisely the same sort as the variation and recombinations of 
characters in the progeny in Mendolian inheritance, in uni- 
parental reproduction, particularly of tlu' vegetative kind,- such 
nuclear reductions and recombinations are not known; and the 
uniformity of the progeny is in agreement with this. 

These relations, with others not necessary to recount ]\c]v, 
have given origin to the conception of the genotype as the 
hereditary constitution, in (jontradistinction-to the bodily ajiix'ai- 
ance. The genotype is commonly Held not to change in verged a- 
tive reproduction, or but rarely, and then by mark(‘d sudden 
steps, or mutations. In biparental reproduction tlie genotyix' 
does indeed change, but seemingly by mere sliiftings and recom- 
binations, in numerically predictable ways; so that the relations 
here are quite in agreement with the condition skid died above 
for uniparental reproduction. 

A somewhat rigid, stereotyped scheme of heredity naturally 
results from the view of the facts as just set forth; in particular, 
.evolution by gradual change, guided by natural selection, appears 
to be excluded. This becomes still more marked if we conclude 
with Bateson (14) that all' mutations consist in the dropping 
out of factors. However, certain investigators in genetics oppose 
this rigid view, holding that, over and beyond Mendelian recom- 
binations, hereditary variations of slight degree are frequently 
occurring, so that evolution may well be continuous and guidinl 
by selection. The recent papers of C'astle give typical expres- 
sion to this point of view. 

2 In their recent description of endornixis during the vcgetiiUve reproduction 
of F. aurelia, Woodruff and Erdmann observed iKather reduction nor fusion of 
nuclear elements. 
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Jf hereditary variations are frequently occurring, aside from 
Mendelian recombinations, it should be possible to find them in 
vegetative reproduction. Here we are freed from the mixing 
of types which makes these relations so difficult to interpret in 
biparental reproduction. The hereditary abnormalities with 
which the present study deals seem to offer a favorable oppor- 
tunity for the study of this matter. Within the same lino of 
vegetative descent we find individuals that are in appearance 
normal, others that are outwardly abnormal. Can we by con- 
tinued selection of normal individuals on the one hand, of abnor- 
mal individuals on the other, break our single stock into two or 
more, differing in hereditary constitution? 

Experiments in selection 

■To answer the question just proposed, selection was carried 
on for many generations in a considerable number of abnormal 
stocks. 

As before set forth, some of the races in which abnormalities 
occurred gradually changed character and became entirely nor- 
mal. In other races both normals and abnormals appeared for 
long periods, giving opportunity for long continued selection. 
We will first take up the large race C, of Experiment 1. 

Figures 10 and 11 give extracts from the pedigree of race C. 
This race, derived from exconjugant 101a, of Experiment 1, was 
kept for 191 days and produced during that time 4710 indi-i 
viduals in the observed cultures; 2683 of these were abnormals. 
The early history of this race is shown in chart 1. 

Chart 1 

Early history of Race C 
(■n = normal; ah = abnormal) 

Decctnbcr 2 5 7 9 11 13 ■ 15 

[8n — 1 4n — 1 

In— 1 4ii— 4 8n— 2 Sn--1 4n— 1 j lab— 1 lab— 1 

[lab — 1 lab — 1 

In this and in the succeeding charts the first figure under each date shows the 
number of animals present in that line on that date; n means that these were nor- 
mal; tib means that tlicy were abnormal, The second figure, following the dash, 
denotes the number chosen to carry on the slide line, the others being put into 


17 

Discontinued 
Dead 
Race C 




41o 


Fig. 10 FJxtract from the pedigree of Kaec C\ showing on the left side a line in which abnormals were selected; on the right 
side a sister line in which normals were selected. The persistent appearance of the abnormalities in both lines, regardless of 
the selection, is evident. It will be noticed that a large proportion of the abnormals are of the type curv'ed toward the oral side. 
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Fig. 11 Same as figure 10, but from a different group of lines. 
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bottle cultures, or discarded. In a number ol tbo charts the second ttn\irc is 
omitted since the selection was the same on (tvery date, one animal of a particu- 
lar kind being always chosen. Wlien botii normals and abnormaJs art‘ present 
in a single line (Chart 2) the kind which arc entirely discardotl are placed above, 
the kind from which one is ehoscii is placed below, each with its ninnhcr. I) 
means that on that date that line died out. Chart 1 therefore road.s: On Iha'em- 
ber2 the normal cxconjugant was Uolatcd; Dcccmhcr 5, it had divided to form 
four normals, all of which were kept; December 7, these h.ad dividiai into eight 
normals, two of which were kept; these two had divided on December i> to eight 
normals, one of which was kept; December 11, this one h.ad given ris<i to four 
normals, one of which was kept; Decemher 111, this one hail given rise to two 
abnormals, both of wliieh were kept, and to eight normal.'^, one of which was 
kept; December 15, the nonnal had divirh'd to fonn four, (>ne of which was kepI , 
and the two abnormals, neither of which had divided, were bo(h k»'[>t.; Dei-em- 
ber 17, the normal line was discontinued entirely, one iif the .ibnonnal h.-ul 
died, and the other was kept and gave rise by repeated divi.sions to all the later 
individu^als belonging to Race C. 

Race C therefore appeared to be (^itirely nonnal for eb^vt^n 
days after conjugation, at the end of that time pro(hicing two 
abnormals, one of which was double, th(' otlier small and de- 
formed, This small one ga^^e rise to all the later 4ti8l oltsci'ved 
individuals of this raco^ comprising 303 generations. In 34 lines 
of this race a continuous selection of normals v as made, in one 
ease for 32 days and 24 generations. The data from these linos 
is given in table 5. Tlieir character was not changcul in any 
way by this selection; the a^^rage proportion of abnormality foi* 
these 34 lines is only 2 per cent less thiin t hat of t in* race as a 
whole (table 3). In one line only noi-inals were pi'oducrul for as 
ibng as six da 5 ^s, the line at the end of that time again producing 
abnormals. The history of this line with a few of tlu' otliers 
is given in chart 2. In every case oiu^ normal was sel('ct(Ml (*ach 


TABr.i: o 

Data from the . 3 /^ vonadl-Hrlcclril lines of Race C 


GROUP 

1 1 

XUMnER , 
OF j 

LINES 

J 

NUMRLR OF j 

u.ws j 

SF-LKCTION 1 

CARKIEU UN j 

1 

1 NIMUKR OK 
OKNKRM’IOVS , 
OP NlHlMU.S 
rRfJni'CKL . 

1 

1 NCMBEK OK 
NORMALS 

MMHEK OK 
A)iNUHMAl.S 

J'KH CENT 

ABNORMAL 

2 

1 

5 j 

'■ ■■■■ ■■■ i 

14 1 

! s 

3fi 

33 

48 

3 

29 

32 

24 

233 

29,4 

56 

Total 

34 

1 


209 

327 

i)0 
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day to carry on the line. It is evident that this selection has 
had no effect on the character of these lines. 

Chaht 2 

History of six normal-selected lines of Race C 
(n = normal; ab = abnormal; D ~ died out) 

April May 

24 26 28 30 2 4 6 8 10 12 14 16 18 20 22 

Gab lab 
lOn 3n D. 
lab 7ab 

3n ^ 6n D. 

9ab 2ab 5ab 

Sab lab 4ab 7n 8n 2n D. 

7n In 3n 4n ^ lOab 

Gn ' D. 
lab Gab 

[Sn ' 2n D. 

20ab 2ab 2ab Sab 3ab 2ab 2ab 

12n 4n 2n In 2n 2n In In 6n 2ii 

In 43 lines ot race C a continuous selection of abnormals was 
made, in one line for 40 days and 37 generations. Their char- 
acter was not changed by this sort of selection; their proportion 
of abnormality is the same as that for the race as a whole (table 
3). The data from them is given in table 6, and the histories 
of a few in chart 3. In very case one abnormal was chosen on 
each day to carry on the line. 


Chart 3 


May 10 


6ab 


(n = Normal; ab = abnormal; D = died out) 
History of five of the abnormal-selected lines of Race C 


12 14 16 

2n 
2ab 
4ab 

2ab 

2ab 

lab Sab 2ab 


18 

20 

22 

In 



Sab 

4ab 

2ab 

2ab 

4ab 

4ab 


4n 


Sab 

4ab 

Sab 

3n 

In 

2n 

Sab 

Sab 

2ab 


3n 

In 

4ab 

2ab 

Sab 


24 

26 

28 

2n 

2n 


2ab 

2ab 

D. 

lab 

lab 

D. 

4n 

2n 


4ab 

2ab 

2ab 

Sab 

3n 

4ab 

D. 

lab 

2ab 

D. 


30 


D. 


Three times in the history of this same race all of the indi- 
viduals died with one exception; in every case this single sur- 
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viving individual was aii abnormal aiiinuil which gave rise by 
repeated divisions to the further representatives of its race. 
On two 01 these occasions the two groups of lines which rose 
from the two first daughter cells of this single abnormal animal 
were treated differently; in one group the most normal indi- 
viduals were selected; in the other group, sister to the first, the 
most abnormal were selected. The data for tliese two pairs of 
groiyis is given in table 7. In this table, one abnormal-selected 
line in the first set lived longer than 56 days; in the secanid set 
one normal-selected line lived longer than 20 days; both however 
for purposes of comparison arc counted in this table as having 
died out at the same time with the other lines of tlieir sets. 


TABLL 6 

Data from the j^S ahnornial-fieh'clcd Unca of Jiace C 


GROUP 

NUMBER 

OF 

LINES 

NUMBER 0>' 

DAYS 

SELECTION 
CARRIED On 

number OF 
CEN'ERATIONS 
OK NORM U,S 
PRODI.'CEI) 

NUMBER OF 
NORMALS 

NUMDKlt or 
AJJNORMALS 

• 

PKK CKNT 
AUNOIIMAIf 

1 

3 

40 

30 

58 

83 

59 

2 

9 

36 

19 

103 

I2G 

.55 

3 1 

25 

32 

31 

135 

103 

55 

4 

6 

18 

13 

1 40 

93 

05 

Total 

43 



345 

1G5 

57 


TABT.E 7 


Data from two sets of sister groups of lines; in one group of each set the most 
abnormal mere selected; in the other group, the most normal 


SET 

CROUP 

NUMBER or 
LINES 

NUMBER or 
D.AVS 
SELECTED 

NUMBER 

OF CKNE- 

RATIONS 

number 

normals 

NUMB EH 

AIlNOItMALS 

I-KR CENT 
AUNORMAL 

1 

Abnormal - 
selected 

15 

50 i 

4S 

387 

489 

5(i 


Norrnal- 

selected 

15 

50 

50 

480 

834 

03 

2 

AbnoimaU 

selected 

20 

20 

25 

131 

1.57 

54 


Nonnal- 

selectcd 

20 

20 

24 

LilL.. 

320 

GO 


TBE JOfBXAL OF EXPERI^XTAI- ZOOI.OGY, VOL. 19, XO. 4 
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With these two exceptions, one abnormal-selected and the other 
normal-selected, the two groups in both sets are very much alike. 
They show a great deal of similarity in length of life, number of 
generations, and proportion of abnormality, the diverse selec- 
tion having had no effect on the character of the lines. Indeed, 
in both sets, the lines of the normal-selected group show a larger 
proportion of abnormals. 

Thus in line C we have a race in w^hich long continued selec- 
tion has no effect on the inheritance of abnormalities. And mese 
results are typical of a large number of races — all those classi- 
fied on page 399 as class 2 (97 races all together). In all of these 
races where such a procedure was possible the selection of nor- 
mals was carried on as long as the race lived, in an attempt to 
establish a normal line; but with all these races this effort failed. 
The normals selected continued indefinitely to produce abnor- 
mal progeny in the original proportions. With these races there- 
fore the results of continued selection are the same as those 
obtained by th(f majority of investigators in uniparental repro- 
duction: selection does not alter the inherited constitution of 
the lino nor produce two genotypes from one. 

In another set of abnormal lines however, different results 
were reached. In twenty-five races of our three experiments the 
single race was split up by selection into hereditarily diverse 
groups, one group composed of lines that continued to produce 
abnormals, the other composed entirely of normals. The main 
facts as to these twenty-five races are given in table 8. Many 
of these lines were kept but a short time, so there might be 
doubt as to the precise significance of the results from them. 
Certain lines however were kept for a very large number of gen- 
erations and give conclusive results. This was the case with 
the lines A. and B of Experiment 1, and with the «ix lines of 
Experiment 3. Some details will therefore be given as to these 
races. 

The history of race A may be taken as a type. The excon- 
jugant from which this arose gave rise to normal individuals 
only for seven days, or until December 9, when eight abnormals 
and ten normals were found on the slide. After this the race did 
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TABLE 8 (first parfj 


Data from the U race^ of the three expcTimeni.& which were affected by selection 


EXPEBI- 

t 

HACK 



x 

.IlN'OrnrAT, I.INKS 



MkiNT 

Xnm- 

L)ct 

Days 

Cii'niTutimis 

N'ormals 

Aliiionnrils 

Per I'fiil 
id) II or ti till 

I 

48a 

3 

27 

9 

27 

G 

18 


53b 

1 

11 

3 

2 

2 

50 


93b 

4 

23 

10 

:is 

9 

19 


Iflob 

1 

17 

2 

1 

1 

50 


A 

178 

131 

74 

524 

850 

63 


B 

314 

105 

83 

1328 

1788 

57 

2 

2a 

1 

15 

! 4 

2 

' 7 

78 


4a 

I 2 

23 

5 

^ 1 

1 ■ 7 

54 


4b 

4 

• 27 

14 i 

■ 52 

22 

30 

i 

7a 

2 

27 

15 

34 , 

1 19 

36 


10a 

1 

13 

4 

8 

3 

27 


10b 

24 

27 

26 

. 293 

323 

52 


18a 

20 

27 

28 

634 

748 

5-1 


40b 

1 

17 

G 

G 

2 

25 


41a 

1 

11 

4 

6 

. 

60 


62a 

1 

11 

5 

5 

3 

as 


69 a 

9 

27 

25 

172 

213 

55 


83b 

7 

27 

15 

40 

22 

35 


87a 

7 

27 

15 

55 

23 

29 

3 

54b 

4 

54 

33 

673 

117 

15 


55b 

7 

54 

53 

1785 

4G7 

21 


56a 

18 

77 

62 

3650 

1121 

23 


56b 

20 

77 

65 

2818 

567 

’ 17 


59a 

30 

77 

32 

1051 

360 

20 


59b 

73 

77 

50 

3201 

1643 

34 

Total . . . 


733 



16411 

8341 


Average 


29 

40 

26 

656 

334 

39 


not retum*to complete normality ^ but always showed a large 
proportion of abnomial forms among its members. For some 
time all the normal individuals were discarded and all the abnor- 
mals kept. By December 23 this procedure had resulted in 
so many lines (178) that all but 45 of the most abnormal were 
discarded. These 45 very abnormal lines were grouped for 'con- 
venience into 13 categories. ■ The genetic history of the lines 
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TABLE 8 (second part) 


Data from the 25 races of the three experiments xokich were affected by selection 


iiXPEHI- 

RACE 




NORMAL LINES 

• 

MENT 


Num- 
ber i 

Days 

Genera- 

tions 

Normals 

! Abnormals 

Per cent 

1 

48a : 

7 

1 ! 

6 

7 

20 




53b 

7 

1 

5 

7 

7 


j 

i 

93b 

9 

4 

6 

5 

50 




lOob 

1 

1 

5 

2 

4 




A 

62 

6 

' 26 

22 

134 




B 

5 to 49 

3 

20 

21 

126 



2 

2a 


! 1 

4 

8 

! 31 




4a 


1 

6 

3 

6 




4b 

1 2 . 

! 1 

6 

4 

^ 77 




7a 

8 

1 

4 

3 

7 




10a 

S 

1 1 

4 

3 

' 10 




10b 

4 

1 

4 

3 

8 




18a 

18 

4 

6 

9 

75 




40b 


1 

8 

3 

8 




41a 

, 4 

1 

8 

3 

8 




62a 

6 

1 

6 

4 

16 




60a 

8 

2 j 

4 

6 

50 1 




83b 


1 

12 

4 

6 




87a 1 

8 

4 

12 

' ^ 

53 



3 

54b 

9 to 42 ! 

15 ^ 

35 

1 20 

3589 ' 




55h 

9 to 11 

2 

12 

13 j 

272 , 




56a 

9 to 50 

8 

37 

24 

936 




’ 56b 

9 to 44 : 

11 

24 

26 

1164 




50a 

9 to 37 ’ 

2 

47 

35 

425 

3 

0.5 . 


59b 

37 to 53 

12 

39 

27 

1334 



Total. . . 



86 



8316 

3 


Ave 


24 

3 

14 j 

11 

334 

0.12 

■ 0.2 ■ 


* X is the number of days that the selection of normals went nn before the 
normal lines were isolated. 


which made up these groups is given in chart 4. Two of these 
groups of lilies^ A2 and A5 died very soon ; the other lines lived 
for some time and the data from them is given in table 9. 
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TABLE 9 


Data from eJe\'C7i groups of Race A 


naorp 

I.E\0T1I OF 
LIFE IX DAYS 

XrMBHil OF 
GENEHATlONS 

XOMBKR OF 

NO I{MAI>S 

XrMBEI{ OF 
ABNOllMAIS 

PKK CENT 
ABNORMAL 

A1 

31 

16 

•■>■> 

, 35 

(U 

A3 

69 

40 

34 

85 

71 

A4 

I 37 

22 

13 

44 

77 

A5 

131 

64 

61 

182 

75 

X7..M 

* 33 

16 

18 

54 

75 

A8 

1 47 

16 

14 

55 

SO 

A9 

69 

30 1 

35 1 

ir>4 

81 

AlO 

25 

11 j 

31 1 

19 1 

48 

All 

27 

! 11 i 

13 i 

26 1 

67 

A12 

51 

1 

26 j 

51 j 

67 

A13 

115 1 

74 

391 

132 1 

25 

Largest 

131 

74 j 

391 

182 1 

81 

Total * 



658 

850 

56 

Average . . .» 

58 

28 

60 

77 

56 


Chaht 4 


Genetic history of the thirteen groups of Race A 
(n ~ normal; ab = abnormal) 
December 

7 9 U 13 


i" 


ab 


l n 


ab 


ab 


ab 


15 


ab 


17 


Groii() 

A1 

A2 

A3 

A4 

Af) 

Af> 


ab 

ab 

\ab 

A7 

ab 

ab 

ab 

A8 


1 n 

n 

A9a 

ab 

1 oVi 

fab 

A9b 



\ab 

A9e 

ab 

( ab 

ab 

AlOa 


\ab 

ab 

AlOb 

ab 

ab 

n 

All 

ab 

ab 

n 

A12 



fab 

Al3a 

ab 

ab 

(n 

A13b* 
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After December 23 every one of the lines belonging to race 
A was carried on in two parts or subdines; in one sub-line 4he 
most normal individuals were selected; in the other sub-line the 
most abnormal individuals were selected. This procedure kept 
going a number of normal-selected lines up to as many as 40; 
and an equal number of abnormal-selected lines. In almost all 
of the normal-selected lines the continuous selection of normals 
was not possible; some generations \vere entirely abnormal, no 
normals at all being produced. But 62 da5^s after this normal 
selection had begun, one normal was isolated which gave rise to 
six lines in which the continuous selection of normals was possi- 
ble for some time before they died out. Their history is given 
in chart 5, and the data afforded by them in table 10. The 
largest of these six lines was kept for 26 days after the con- 
tinuous selection of normals was begun and gave rise to 22 gen- 
erations of normals. There were 42 individuals in the observed 
cultures of this one line; one of these Tvas abnormal; all the rest 
were normal 


TABLE 10 

Data from the six lines of Race A in which the selection of normals was 
continuous 


SELECTION CONTINUOUS 

LINES 

ENTIRELY NORMAL 

Uaya 

Genera- 

tions 

Normals 

Abnonnals 

Per cent 
abnormal 

Days 

Genera- 

tions 

Individuals 

12 

10 

1 21 

0 

0 

12 

10 

21 ' 

10 

10 

i 12 

0 

0 

10 

10 

12 

6 

6 

8 

0 

0 . 

6 

6 

8 

22 

18 

32 

1 

1 3 

10 

7 

11 

14 

13 

20 

0 

0 

14 


• 20 

26 

22 

41 ’ 

1 

2 

20 

i 

15 

25 

Greatest 








26 

22 

41 

1 

3 

20 


25 















■ 1 

1 


Total 


134 

2 

1 



97 


As all the animals of these six lines were descendants of one 
ncfcial individual present on February 27* (chart 5), they can 
all be counted together as one group, which will give 134 normal 
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individuals to 1 abnormal individuals in 21 generations. This 
is a very low proportion indeed as compared witli that for the 
race as a whole (56 per cent). Moreover, every one of these 
six races was entirely normal for some time before it died, as 


Chart o 

Genetic history of 'six lines of Race A in wliich tiic selection of normals 
was continuous 
( n~ normal; I) = died out) 

Line Feb. Mch. 


3 

5 

7 

0 

11 

13 

lo 17 

10 . 

21 23 

27) 27 

4n 

/3n 

4n 

2n 

4n 

D. 






\ta 

4n 

4n 

D. 






4n 

4n 

D. 



lab 






r2n 

2n 

2n 

4n 

5n 

4n 2ii 

4n 

In D. 


.3n 

1 4n 

4n 

2n 

2n 

8n 

D. 





[Tn 

In 

4a 

4n 

4n 

8n 4n 

4n 

2n 2[i 

In d: 


shown it the table. Figure 12 gives that part of the pedigree 
of race A which includes these six lines. 

In 24 of the abnormal selected lines abnormals were produced 
in every generation for some time and their selection was there- 
fore continuous. The history of six of these lines is given in 
chart 6. Table 11 gives the data from all of them. The largest 
line was kept for 36 days after the selection of abnormals became 


Chart 6 

Genetic history of six of the lines of Race A in which the continuous selection of 
abnormals was made 

(n = normal; cib = abnormal; D ~ died out) 


December 


21 

23 

25 

27 

2S 

31 

2n 


In 




2ab 

2ab 

2ab 

lab 

Sab 

lab 

In 







2ab 

lab 

lab 

M 

D. 


In 



W 



lab 

lab 

lab 

lab 

D. 


2n 






2ab 

Sab 

lab 

D. 



lab 

lab 

4ab 

lab 

2ab 

2ab 


In 

In 


• 


lab 

lab 

lab 

lab 

lab 

lab 


January t 

2 4 G 8 10 12 14 16 

lab lab lab D. 

2ab 2ab lab 2ab 4ab 2ab 2ab la^ 

lab lab' lab D. 


18 
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Fig. 12 Extract from the pedigree of Race A which includes the origin of the 
six normal lines produced by this race. In the abnormal lines only a few of the 
animals in each generation are shown; in the normal lines, only one in each 
generation. 
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cuiiuuuuuft, and gave rise to IG generations. Two normals and 
18 abnormals appeared in the observed cultures of tliis line. 
The proportion of abnormality (79 per cent) sliown by all these 
lines taken together is much higher than that shown by tlie race 
as a whole (56 per cent). Figures 18 and 14 give part of tlic 
pedigrees of three of these lines. 

TABLE U 

Data frojn the $4 -t which (he ticlcctlou of abtiornalfi was 

conlifiuous 


RELECTIOX CONXINLOirS LINES KNTlKKt.Y AUSOHMAL 
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Fig. 13 Part of the pedigrees of two of the abnormal-selected lines of Race A. 
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We nave therefore in race A a group of individuals all de- 
scended by vegetative reproduction from one animal, exconju- 
gant lb, which for 74 generations and 131 days constantly pro- 
duced abnormals in an average proportion of 56 per cent of all 
the individuals of the race. From this clone, having this herit- 
able character, abnormality, were obtained through the action 
of selection, two diverse groups of individuals. One group had 
a constant proportion of abnormality, on the average, of 70 per 
cent; the other with almost total normality, the abnormality 
having been reduced to an average of 1 per cent; all of the lines 
were entirely normal for some time before they died out. In 
this clone therefore we have an inheritance of a variation, abnor- 
mality; and also we have permanent changes in this heritable 
variation, brought about by the action of selection. 

TABLE 12 


Data from, fourteen groups of Race B 


GHOUP 

LEXnTH OF 
LIFE IN DAT9 

NEMBER OF 
OENEBATIONS 

NUMBER OF 
NORMALS 

NUMBER OP 
ABNORMALS 

PER CENT 

abnormals 

Bl 

•81 

47 

43 1 

73 

63 

B2 

81 

67 

107 

80 

43 

B3 

81 

73 

178 

144 1 

45 

B4 

105 

83 

292 

1 338 

54 

: 1 

75 

61 1 

60 

94 

61 

B6 

61 

' 46 

46 

' 67 

59 

B7 

71 

66 ■ 

114 

177 

61 

m 

! 73 

58 

i 66 

118 

! 64 

B9 

' 89 

64 

' 73 

no 

60 

BIO 

103 

74 

145 

143 

1 50 

BH 

1 67 

16 

40 

137 

■ 77 

B13 

6.5 

41 

38 

66 

63 

B14 

' 69 

53 

' 87 

145 

i 62 

B15 

1 71 

15 

52 

96 

a5 

Greatest 

105 

83 

292 

338 

77 

Total 



' 1371 

1788 

1 

56 


The history of race B shows some slight variations from that 
of race A. Its early history is shown in chart 7. It was en- 



INHERITANCE IN ABNORMALITIES 


431 


tirely normal until December 7, five days after* conjugation. 
On that date two of the existing 27 normal individuals were 
chosen to carry on the race; one of these continued to produce 
only normals until it was discontinued six days later. By that 
time it had given rise to 53 normal individual. This was the 
largest group of normals produced by race B. 


CUART 7 

(ti = normal; nb = abnorni.al) 

Early history of Race B and formation of tlin fifteen groups 


December 

3 5 7 9 11 

r 4n.— 1 4n— 4 

I I lab— I 

In— 1 4n— 4 27n— 2 < 

2ab~2 ^ 


|2iib-2 


13 15 17 

Group 

oOn Discontinued 


3;d)— 3 lab— 1 Dead 


[lab 

lU 

Cu -0 lab — 4 ] lab 

B2 

[ In 

H.’i 



/ in 
\lab 

B4 

j2al,-2 

m 

1 

1 

[ In 


1 2ab-2 

1 lab 

BO 


1 2n 

B7 

7!i 1>-7 j 


m 


f In 

B9 

|2ab 2 

1 

BIO 


[ i ab 

Bll 


[lab 

BI2 

!.2ab-2 

] ];ib 

B13 

J 2n 

B14 

• 

"lab 

B1.5 


The other normal kept on December 7 gave rise to all later 
individuals of race which were kept for 105 days, and 83 
generations, and had an average proportion of abnormality of 56 
per cent. The history of this race from this point on is exactly 
like that of race A. On December 23, 83 of the most abnormal 
.lines were selected from the existing 314, and grouped (table 12). 
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Each one of flie 83 lines was divided into two sub-lines, in one of 
which the most normal were selected, in the other the most 
abnormal. In six lines the continuous selection of normals was 
possible. .Their history is given in chart 8, and table 13 gives 
the data from them. Two of these lines produced abnormals 
the last day they were kept, and a third was entirely normal 
for only four days before death; the selection has slightly de- 
creased the proportion of abnormals produced, but has not elimi- 
nated the abnormal character. But the three other lines became 
entirely normal some time before death, as the table shows. 
Selection here has had a decided effect; has entirely eliminated 
the abnormal character, , 

Chart S 

Genetic history of the six lines of Race B in which the selection of normals was 
continuous 

(n = normal; ab = abnormal; D = died out) 


Line 


January 



February 







20 22 

24 

26 

28 

30 

1 

3 

5 

7 

9 







lab 

4ab 

2ab 











B2 

4ii Sn 

2n 

4n 

2n 

4u 

8n 

2n 

4n 

4n 

D. 





B3 

8n 

4n 

Sn 

6n 

8n 

8n 

2n 

4n 

3n 

D. 





Line 

December 






January 






25 27 

29 

31 

2 

4 

6 

8 

10 

12 

14 

16 

18 20 

22 

24 



“ 3ab 

lab 

2ab 











B4b2 

2n 

In 

In 

In 

2n 

In 

8n 

2n 

5n 

2n 

2n 

4n 4n Sn 

D. 




2ab 



lab 

3ab 


3ab 

lab 

2ab 




B4il 

2n 

2n 

2n 

2n 

2n 

2n 

In 

3n 

In 

In 

2n 

2n 4n 

D. 



Sub 

2ab 

2ab 

lab 

2ab 

lab 

2ab 

lab 

lab 

Sab 

lab 


J.ab 


B7 

In 2n • 2n 


2n 

2n 

In 

In 

In 

2n 

In 

In 

3n 2n 

7n 

D. 



2ab 



lab 










B15 

2n 2n 

2d 

2n 

In 

In 

D. 










In nine lines the continuous selection of abnormals was possi- 
ble. The history of three of them is given in chart 9 and table 
14 gives the data from them. The proportion of abnormality 
in most of these lines has been somewhat raised by this selection 
over that of the race as a whole; but not to such an extent as in 
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race A, Pedigrees of two of these lines are given*in figures 15 
and 16. 

TABLE 13 


Data fmn the six lines of Race B in which the selcciion of nowioh was 
contimmis 



si;tECTiaN ccjntinm;i 

DCS 


LINKS 

KNTIKKLY NOHMAL 

Days 

GfttipTa- 

tions 

Normals 

Aljiioniials 

Per reiu 
ubnoriiiiil 

Days 

Gioiera- 

tiaiis 

Imlividiinis 

20 

20 

33 

7 

• 

17 

10 

11 

18 

IS 

22 

43 

0 

00 

18 

22 

43 

28 

21 

30 

6 

17 i 

20 

17 • 

29 

26 

13 

lo 

12 

44 1 

4 

4 

5 

30 

13 

16 

20 

.56 

0 

0 

0 

12 

4 1 

5 

! 3 

3<S 

0 

0 i 

0 

Greatest 








30 

22 

43 

20 

56 

20 

22 

43 

Total 


142 

48 

25 



95 


Chart 9 


Genetic history of three of the lines of Race 13 in which continuous selection of 
abnormals was made 
(n = normal; a6 = abnormal) 


Dec. 






.1 

anuary 





31 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 22 2^ 

1 26 

In 


In 

In , 

In 








lab 

Sab 

Sab 

3ab 

Sab 

2ab 

lab 

lab 

lab 

Dead 


2n 




3n 

3n 

3n 


2n 


In 


2ab 

2ab 

4p,b 

2ab 

5ab 

lab 

lab 

2ab 

2ab 

4ab 

lab lab Dead 


In 

3n 


2n 








2ab 

Sab 

lab 

2ab 

6ab 

4ab 

4ab 

1 ab 

2ab 

4a^ 

lab €5ead 



We have therefore in race B a group of individuals consti- 
tuting a clone, which after the fifth generation and the pro- 
duction of 32 individuals, gave rise to two diverse groups, with 
different hereditary characteristics. One group was entirely nor- 
mal; the other group showed a large and constant proportion 
of abnormals. Later from this abnormal group, by continued 
selection in opposite directions, lines were isolated which showed 
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15 16 


Fig- lo Part of the pndigren of an al)iiornial-selected line of Race B. 

Fig. 16 Part of the pedigree of another abnormal-selected line of Race B. 
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TABLE 14 

Data from the nine lines of Race B in which the sdirtion of ahtjorniah inis 
continuous 


SELECTION COXTJNUOYS j 

LINKS ENTIRELY ABNORMAL 

Days 

1 Genera- 
' tions 

Normals 

Abnormals 

I’lT font 
abiioniia! 

Driya 

Itiin'ra- 

(ioiis 

lini iviiiunla 

20 

! 9 

2 

20 

S3 

8 

5 

;> 

18 

! 8 

' 4 

11 

73 1 

10 

! " 2 

2 

18 

! 6 1 

' 5 

8 

' 02 1 

s 

‘ ■> 

‘> 

.24 

11 1 

! 14 

IG 

53 1 

2 

' 1 

1 

18 

9 

1 

10 

91 , 

14 

8 

S 

22 

13 

6 

' 20 

!■ 77 

12 i 

8 

11 

22 

10 

13' ; 

15 

1 54 

2 

2 

3 

24 

13 

11 

15 


2 

1 

1 

14 

5 

2 

G 

j 58 

12 

5 

5 


hereditary differences in degree of abnormality. Oik^ set of lines 
showed a very low degree, three lines becoming entirely normal. 
The other set showed a very high degree of abnormality, one 
line having 90 per cent of abriormals. 

We have then in race B the inheritance* of a variation within 
the clone; and a splitting up of tlie clone, both with and witliout 
selection, into hereditarily diverse groups. 

The six races of Experiment 3 underwent a most strict selec- 
tion of normals throughout their history; and in every cas(j tliis 
eventually brought about a change in the inheritance of the 
abnormality. In each race all of the individuals arising from 
tlie exconjugant were kept for the first six days; thcrcaftia- the 
abnormals were discarded and only normals kept, as far as 
possible. Abnormals were kept only whc*n no normals were 
present with which to -carry on the race. In ^11 tho^e six nices 
this procedure had much the same effect. Some of their lines 
were not changed at all; they continued to produce abnornials 
from the normal cells selected. But other lines became entirely 
normal. In every case there was inheritance of the variations 
which had arisen within the clone, higures 17, 18, 19, and 20 
give pedigrees of four of these races, 5ba and b, and 59a and b. 
All six races are very simifer in their history. On January 17 
none of the six had completed their first division; all had formed 
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Fi^. ]7 The first part of the pedigree of 56u, show ing the origin of four of the 
normal lines. The other four normal lines were derived much later from one of 
the abnormal lines shown here. In this figure and in the succeeding ones, in 
each generation only those animals are showni which \vere selected to carry on 
the lines. 


436 
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Fig. IS First part of the pedigree of showing tlio origin of three of the 
normal lines. The other eight normal line.? were derived ninch later from the 
abnormal lines shown here. 
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Fig. 19 The first part of the pedigree of 59a, showing the origin of one of the 
normal lines. The other normal line was derived 32 days later from one of the 
abnormal lines shown here. 
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Fig. 20 The first part of the pedigree of 59b, showing the origin of one of the 
normal lines. The other eleven normal lines were derived much later from 
the abnormaf lines shown in this figure. 

double monsters of the L variety. On January 19, exconjugant 
56a (fig. 17) had divided to form four abnormals; two of these 
died without, dividing further. One of the other two produced 
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one abnormal which died before* dividing, and one normal which 
gave rise to two entirely normal lines which w^ere kept for ten 
days and (de\'en generations. They comprised llo observed 
individua!s, all normal. The other abnormal present on Janu- 
ary 10 divided to form one abnoi'inal (which died before further 
division) and eleven noi'inals. Xine of these were kept. Six 
of tluan ga\ f‘ ris(‘ to lines which remained entirely normal; three 
produced abnormal lines. Two of these abnoimal lines remained 
abnormal througliout their history, never responding positively 
to th(' normal sch'ction they underwent. From the other abnor- 
mal line li\^e entirely normal lines were split off, kept for a number 
of gema-ations varying from G to 24. Three of these normal 
lines were k('pt until April 1; their eight abnormal sister lines 
were also kept until April 1, 77 days after conjugation. 

Since all six lines had very similar histories they will not be 
given in detail. The main facts as to the production of the 
non rial lines can be gathered from the pedigrees (pages 436 to 
430) and the table (pages 421-422). 

Thus on the whole the work on selection shows that with 
relation to these abnormal characteristics heritable variations 
are in many races occurring during vegehitive reproduction. 
By selection the effect of these variations may be accumulated, 
so that while one part of the race remains abnormal, or even 
increases the proportion of abnormal individuals, another part 
greatly decnvises the proportion of abnormality, or becomes 
entirely normal. The general bearing of these results wilTfie 
discussed after the rest of the facts have been brought out. 

Relation to hiparental inheritance 

Does conjugation tend to produce similarity in respect to 
abnormality or normality between the progeny of the two indi- 
viduals that conjugate That is, if the descendants of one of 
the two members of a given pair are abnormal, is there a tend- 
ency for the descendants of the other member to be abnormal 
also? If a given stock is abnormal, is the stock derived from the 
mate of its progenitor likely to be abnormal also? Jennings 
and Lashley (’13, ’13a) have shown that there is such a tend- 
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ency to resemblance between the stocks derived from tlie (wo 
members of a pair, in respect to fission-rate, death-rate, and size. 

The question with relation to abnormalities m.ay be attaelo'd 
b}" the same methods employed by Jeimin^-s and I asld(\v. 'tin* 
problem presents itself as follows, Trom a eeitiiin nunilx’i' /// 
of exconjugants (forming ni/2 pairs') a eeitain numIxM* n of 
abnormal races are produced. In some eases l)otii races diutved 
from a pair are abnormal; in other cases only one; in otiu'rs, 
neither. Is the number of eases where both ra(xs arj' .•ibtiorma.l 
greater than would be expected if tlie pairing iiad m) irla,lion 
to the distribution of tlie abnormalities'.^ Jf .so, (Ids is evith'inx' 
that the pairing tends to make the two races alike in this r(sp('(*t. 

Jennings and Lashley (/1 3) gbe a, formula, for di'lermining 
the most probable number of pairs that will be found to be alike 
in respect to any such character if tlie j aii'ing has nothing to 
do with the distribution. Tills formula is: 

_ in -1- 1 ) fa 2 -t 1 } 
vi b 3 

in which the nearest integer below k is tlic' most [)Bo})al>l(' innn- 
ber of pairs in which the two n!(an!)(s'’s will b(‘ found alike in 
the character in question; n is the miinlan- of eases (lines) in 
which this character occurs, wiule /// is tlie total number of cases 
(lincvS of descent from exconjugants in this case). (44iis formula 
Isolds absolutely only when n is exam, but liy olitaining tin; result 
for the two even numbers abo\a^ ami IxJow the actual number, 
if the latter is odd, the dithculty may lie avoided.) 

In examining this matter for our case with respect to nor- 
axiality and abnormality, 17 of the 131 pairs of the first experi- 
ment must be omitted from consideration, since in these the 
characteristics of one or both members is unknown. This leaves 
114 pairs to be dealt with, giving 228 lines of (h’seent. In the 
second experiment 3 of the KM) pairs must lx; omitted from 
consideration, leaving 97 pairs to be dealt with, giving 194 
lines of descent. In the third experiment there are 14 pairs to 
be considered, giving 28 lines of descent. This makes 450 lines 
of descent all together. 
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Of these 225 pairs, in the first experiment both members in 
48 gave normal lines, both members in 26 gave abnormal lines, 
while in 40 the two members gave lines diverse in this respect. 
»The total number of normal individuals was therefore 136, of 
abnormal individuals 92. In the second experiment, both mem- 
bers in 7 gave normal lines, both members in 69 gave abnormal 
lines, while in 21 the two members gave lines diverse in this 
respect. The total number of normal individuals of experi- 
ment 2 was therefore 35; of abnormal individuals 159. In 
Experiment 3, both members in 8 pairs gave normal lines, ancj 
both members in G gave abnormal lines; pairing was perfect. 
The total number of normal lines of Experiment 3 was there- 
fore 16; of abnormal lines, 12. 

How many pairs with both lines abnormal should we expect 
to find in these cases if pairing does not affect the distribution 
of abnormalities? In the first experiment n is 92, while m is 
228. Applying the formula we find that the expected number 
of pairs with both members abnormal is 18; the actual number is 
28. In the second experiment n is 159 while m is 194. By the 
formula the expected number of pairs with both members abnor- 
mal is 66, ^Vhile the actual number is 69. In the third experi- 
ment n is 12 while m is 28. The expected number of pairs is 2, 
the actual 6. In the same way the expected number of pairs 
with both members normal is in the first experiment 40, while 
the actual number is 48; in the second experiment the expected 
number is 3 the actual 7 ; in the third, the expected number is 4 
the actual 8. 

It is therefore clear that in all three experiments the number of 
like members of pairs is greater than would be the case if the' 
pairing had no effect on the distribution of the abnormalities. 
Conjugation tends to cause the descendants of the two memlers of 
pairs to become alike in respect to abnormality and normality. 

Some of the exconjugants never divided after separation. The 
same question may be examined with respect to them. Do the 
two members of a pair tend to have the same fate in this respect? 
There were 72 exconjugants that never divided, out of the 228 
of the first experiment, and 27 out of the 194 of the second 
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experiment. In the first experiment both members in 19 pairs 
were affected; in the second experiment j both members in 8 
pairs. Applying the formula (first experiment, n = T2, m ^ 228 ; 
second experiment, n = 27, m = 194) we find that if pairing lias 
no effect on the matter, the most probable number of cases for 
both members in the first experiment is 11; in the second, 2, 
Similarly there are in the first experim^t 01 pairs in which both 
members divided, while the most probable number is 53. In 
the second experiment the actual number is 79, the most prob- 
q,ble is 72. Again we find that conjugation increases the resem- 
blance of members of pairs in this respect. 

It will be of interest also to give the relation of pairing to the 
date on which the lines finally died out. hhis is fiiiown for both 
members of but 51 pairs of the first experiment, and 41 of the 
second. The numbers in the third experiment are too small to 
be considered. In some cases the descendants of both numbers 
of a pair completely died out on the sanu^ date; in other cases the 
descendants of one member lived longer than those of the other. 

The main facts are these. In the first experiment, on Decem- 
ber 5, twenty lines were found to have died out; these included 
both members of 8 pairs. The probalile number of pairs if con- 
jugation does not affect the date of deatli is but 2. On Decem- 
ber 7, 53 individual lines ended, including both members of 
20 pairs. The most probable number of pairs would be but 14. 
On later dates the numbers are too small to be significant. In 
the second experiment on December G, 31 lines were found to 
have died out; these included both members in 7 pairs. The 
probable number of pairs if i)airing does not affect the date of 
death is but 6. On all the other dates the numbers were sosmall 
that they are not worth considering. Conjugation thus tends 
to make descendants of the two members of a pair alike in their 
length *of life (in their 'vitality’). 

All together, the evidence shows that conjugation induces 
resemblances in the two members of a pair in respect to all the 
characters examined ; in the tendency to fail to reproduce after 
conjugation; in the abnormalities produced by their offspring, 
and in the length of life of the stocks produced. 
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VII. SOIMARY AND DISCCSSIOX OF RESI'LTS 

Among the progeny of a large proportion (from 3G to 81 per 
cent in the different (experiments) of exconjugants of Paramecium 
‘caudatum, abnormalities appear frequently and constantly. 

These abnormalities show themselves to be hereditary in the 
following r(‘s])(“ct.s: 

1. Janes dcnaved from different exconjugants differ in respect 
to tlu'm: some linos show no abnoi‘inalities; others show a small 
proportion of abnormal individuals; others large proportions up 
to cases in which abnormality is almost or quite universal. 
The tendency to abnormality^ is transmitted in fission; definite 
];)roportions of al)norinality being characteristic of particular 
lines, fn one case there was inheritance of a specific type of 
abnormality carried thi-ough 303 generations (Race C). 

2. T^e diversities in abnormality occurring within a single 
line of descent (derived from a single exconjiigant) are in some 
lines not hereditary, so far as can be detei’mined by long con- 
tinued selection. In a vcia^ large proportion of the races in 
which the abnormals were regular!}' discarded and onl}" nor- 
mals retained to carry on the race, the abnormal character per- 
sistently reappeared, the selected normals producing abnormal 
progeny. In all th(^ abnormal races there is a wide variation 
in degree of abnormality of the individual, from those perfectly 
normal to (he monstei’s so deformed that they would never be 
recognized as pararnecia if their history were not known. Yet*, 
as stated above, in most cases the progeny of all these variations 
were alike, the daughter cells of normal individuals being often 
just as abnormal, or even more so, thsii the daughter ceils of 
monsters. This of course agrees with the conditions found in 
most of the studies on inheritance in ^pure lines’ or clones; 
the diversities within the lines are not inherited. 

3. But in other lines diversities within the line showed them- 
selves to be heritable, so that selection gave very different results 
from those usually obtained in pure line work. By selection, 
single lines, derived by fission from a single imrent, were divided 
into two or more races differing hereditarily. This was success- 
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fully ac(‘()inplishcd in tweuty-th'e vacos; from o:i(*h of tlu*so were 
isolated two sorts of lines, one quite norinnl. tlie otlior eoutinu- 
ally produeiiig abnornuilities - the two eultivaled side by sid(\ 

Calkins and (Gregory ('13) have in sojne eases oblaiiK'd four 
diverse races from the four prhnary daughter cells, '([iiaii- 
rants^ of an cxcoiijugant these being the four individuals that 
receive the four inacro-nuehd ])r()duc('4 iK'fojT fission oerairs. ]i 
is to be noted that our sehefion resulting in llie isolation of 
lines differing hereditarily in al)nornialiiy li:is ol’h n In'en ))r()iight 
about much later in the series of geucvatit>ns, so tlnal ti\e tliffer- 
eutiation has occurred within the com]>ass of a. single ‘(piadraiit,* 
or indeed within a mueli narrower fractifU! of l]i(‘ dc'setait. in 
sev^eral cases differentiation tJu’ongh s(4eetion did not lagiii till 
after sev'eral weeks had passed with [iroduction of a gn^af num- 
ber of generations. Tims the I’esults of selc(‘1if>n in tlu'pn^sent 
case cannot be interpreted as due to a pihnai'v diffriyaicc in tin' 
four original macixuiuclei produced during conjugatiom S(4ee- 
tion is effective when begun with progeny of a singh^ individual 
that has appeared mativ genenilions after conjugation. 

4. In a race of Paramecium which ii])on (‘xtended examina- 
tion shows no hereditary abnormalities, conjugation iv^sulls in 
the appearance of many lines which an* hcrc'dita^vily abnormal, 
others which are normal throughout (Kxperiment 2). 

This is of course an oxampk^ of what Jennings ('13) Inis (h** 
scribed as the ‘production of variation by conjugation.’ It 
appears to fully meet the desire of Dobell (;14, ]). D2) lor 
^^convincing evidence of a concrete instanci* in which from a 
known race— constant in a certain character a now rac(* per- 
manently diverse in tins cliaracter has aj'isori as a result ol con- 
jugation.” For in Experiment 2, from a clone with a constant 
character of normality (as shown by the progeny of tlu* <>4 split 
pairs of this clone) 101 races which wen* pejrmanently diver.se 
from the original one, being hereditarily abnormal, arose* as a 
result of conjugation. 

5. In the diverse lines descended from tlio different cxconju- 
gants of a conjugating culture, the two linos descencleel from 
the two individuals that have conjugated together tend to be 
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alike in respect to normality or abnormality. That is, if the 
progeny of the exconjugant ct arc, abnormal, the progeny of 
its mate b are more frequently abnormal than would be the case 
if the distribution of abnormal races were not affected by con- 
jugation* This is an example of what Jennings and Lashley' 
(T3) have called biparental inheritance as a result of conjuga- 
tion, As these authors point out and as Dobell (’14) . has recently 
emphasized, this does not mean that the characters of the 
progeny of the two exconjugants are known to resemble the 
characters which the two parents had before they conjugated. 
It means merely that the characteristics of the progeny of a 
are not determined by the nature of a alone, but partly also by 
the fact that a has conjugated with b. Just what the resulting 
similarity of the progeny of a and b should be called is of little 
importance, as compared with a clear grasp of the facts in the 
■case, yet it is perhaps worth while to point out that similar 
relations often appear in what is called inheritance in higher 
organisms. T wo heterozygotic parents frequently produce prog- 
eny which differ from both of them, yet what the progeny shall 
be is determined by the constitution of both of the parents. 

6. We are dealing here with characters that are called abnormal. 
What is the bearing of this on any conclusions drawn from this 
study? Can we learn anything worth while from the study of 
abnormal characters? 

What Ave can learn from abnormalities, and Avhat the relation 
of their behavior is to that of other characters can be deter-* 
mined only by investigation; the present paper is offered as a 
contribution toward ansAvering such questions. But certain gen- 
eral principles appear Avorthy of consideration. Wliat is the 
real status of the conception of abnormality? Does it mean 
anything more than that the condition so characterized is not 
the one usually found? It certainly does not mean that the 
condition is one not subject to laAv of any sort. If we charac- 
terize the course of inheritance of these characters as abnormal, 
we can mean r?b more than that they do not follow the usual 
course. But the course they do follow is on^^ictually occurring 
in animals, and therefore one not inconsistent with the nature 
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of organic matter or the constitution of organisms. It is per- 
fectly possible for organisms to exist in which hereditary na- 
tions occur during non-sexual reproduction, and in whicii tliese 
trariations can be accumulated through selection; for in tlie 
iharacters here studied this does occur. No, one therefore can 
5 ay a priori what characters must descend in this manner, what 
in some other manner. 

It is then an open question whether a similar scheme of (h'seent 
may not be followed by other characters, either in this sanu* 
organism, or in other organisms. Jollos ('14) has raised the 
question whether all the hereditary variations shown by Jennings 
to follow upon conjugation may not be of the nature of alnior- 
m,alities. It is entirely possible that all show the same scheiiH^ 
of descent as the 'abnonnalities’ considered in this pa[)or; but if 
so then the ‘abnormar cannot be characterized as the unusual 
In the same way it is possible that the hereditary diffta-enccs 
among the progeny of single excorijiigants obs(a-ved by ( alkins 
and Gregory (’13) may be of the same nature as these abnor- 
malities. It is quite possible that lines might be hibnormal in 
ways evident only through study of the fission rate, or the like, 
But with such a state of the case the distimdJoii between abnor- 
mal and normal be(u)mes evanescent. 

The facts are, that in Paramecium as a result of conjugation, 
there appear lines or races that are liereditarily diverse; and tluit 
within some of these lines hereditary diversities likewise appear 
even during asexual multiplication. Wlndhor we can maintain 
some special category such as ^abnormality’ for all these cases, 
can be discussed; but this does not do away with the facts as 
to their existence and the scheme of their <lescent from genera- 
tion to generation. 

It is of interest to compare the genetics of these abnormalities 
in Paramecium with abnormalities in other organisms. Almost 
all the characters studied by Morgan and his associates in Dro- 
sophila, on which have been reached results o] such immense 
importance for th^ entire theory of genetics, may be charac- 
terized as abnormalities. A large porportion of them show, as 
is well known, typical Alendelian inheritance. Others show a 
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more irregular course, resembling in this respect those of Para- 
mecium. Such a ^character is the ^beaded wing/ recently 
studied by Dexter ('14). Lutz (’ll) had previously investigated 
an abnormal wing character in Drosophila, with results that^ 
are still more similar to the conditions shown in Paramecium, 
Lutz found that certain abnormalities of venation were herit- 
able, but, as in Paramecitim, the inheritance was not precise; 
the abnormalities of parent and offspring might be diverse, but 
the tendency to produce some sort of abnonnality of venation 
was inherited. Furthermore the proportion of individuals abnor- 
mal, and the degree of abnormality, were modifiable by selection, 
apparently through line gradations. Lutz is of course working 
with bisexual reproduction, which greatly complicates the inter- 
pretation of the matter. Yet selection continued to be effec- 
tive after ten generations of inbreeding, at which time it would 
be expected that a hornozygotic strain would have been reached, 
if the character were dependent on typical Mendelian units. 

Tn many other cases abnormalities have been shown to follow 
abeiTant types of heredity; to attempt a general review of the 
matter here would load too far. 
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ixTRonucrrox 

Organisms multiplying without admixture of two parents that 
differ in hereditary constitution have been found remarkably 
constant in their inherited characteristics, Alost r(‘C('rit work 
agrees that in such uniparental reproduction inherited varia- 
tions occur rarely or not at all, and that selection has pi'actically 
no effect in altering racial characteristics. These results have 
given origin to the concept of the Genotype (Johannsen), as a 
designation for the permanent heritable c(?nstitulion of tlio race. 
In view of the importance of these relations for the problem of 
the method of evolution, much further study of this matter is 
required. The present paper deals with the inheritance of varia- 
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tions and the effect of selection in the case of a most delicately 
poised and readily modifiable physiological character, the rate 
of fission of an infusorian multiplying without conjugation. 

Most studies of the fission rate in infusoria have consisted in 
observations on the rate in given specjes, for descriptive pur- 
poses; or in examinations of the direct effect of changed physical 
and chemical conditions; or in the study of the effect of conju- 
gation on the rate of multiplication. Review of these studies 
is not demanded here. 

A certain number of observations have been made which bear 
on the inheritance of the fission rate and on the question whether 
there are differences among the progeny of a single individual 
in respect to these. The great papers of. Maupas (^88 and '89) 
contain some of the most important of these. Maupas made 
extensive studies of the effects of temperature and of other con- 
ditions on the fission rate in many species of infusoria; among 
the rest in Stylonychia pustulata, the subject of the present study. 
Maupas became convinced, as a result of his studies, that under 
given conditions the rate of fission is uniform in all the progeny 
of a given individual; that inherited variations in the rate do 
not occur in such a ^purc race' or to use the modern term, within 
a single clone. On this matter the conclusions of Maupas are 
in complete harmony with those of the ^pure line' workers and 
upholders of the constancy of the genotype, in more recent times. 
He gives detailed (^servations on the matter for a number of 
species, and resumes his results as follows : 

In all my cultures I have always seen all the normal descendants of 
the same ancestor, grow and multiply with the most perfect uni- 
formity. I have become convinced of the integral transmission of the 
faculty of development from one generation to another, and the most 
complete physiological equivalence must exist among all the normal 
individuals, produced in the successive generations ('88, p. 203). 

In long and numerous experiments on fifteen to twenty species, I 
have never observed anything which permits belief in the existence 
of morphological and physiological differences, not merely betw'een the 
two products of a given fission, but even among all those which have 
descended from such a fission by regular and continuous generations 
('88, p. 176). ‘ ' 
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The*paper of Jennings on the I'iffcet of (’onjugation in Para- 
mecium (’13) likewise deals to a certain extent with this matter. 

In a wild, population many strains dhfering in rate of fission 
(under the same conditions) were found to occur. iMirthermore, 
it was demonstrated that even in a population derived by fission 
from a single individual (that is, in a ‘])ur(' strain'), conjugation 
produced inherited differences in the fission rat(‘, so that aft(‘r 
conjugation there wei“e present strains showing constant differ- 
ences in these respects. 

On the other hand, if no (;onjugation has occurred among the 
progeny of a single individual, the fissiou rate uas fouml t(» be 
mcarly or quite uniform. J(umiiigs sums up as follows: 

It is found (1) that differences in rate of fission mnong tho.se that 
have not conjugated since they were derived from a single parent a,n‘ 
not inherited (unless possibly certain differences of a minimal cha-i'acU'r 
are to be excepted; differences of an order of magnitiule far below tiu)S{' 
with which wo are dealing); (2) that conjugation among th(‘ numibers 
of such a pure race does result in differentiations that areinherit(Ml 
(’13, p. 366). 

The paper of Calkins and Cregory (T3) on the otlKU- hand 
sets forth that there are in many cases differences in the lission 
rate among -the four sets of progeny resulting from the first two 
divisions of an individual that has just conjugated. 

Other pap.cns bearing less dirG(dly on this matter will ])(’ taken 
up in the discussion of the results of tlie present work. 

The specific problem 

When a single infusorian divides, often one of its two progeny 
again divides before the other docs. In successivi; generations 
this same thing may be repeated. Thus, as shown in figure 1, 
one may have among the progeny of a single indiViduid at a 
given moment, animals that are the products of four and others 
that are the products of two fissions. Hence there are differ- 
ences of fission rate among the descendants of a single indi- 
vidual-differences that afford the op])ortuiiity of selection wffh 
a frequency that made it appear worth while to determine 
" whether these differences are inherited and whether slow lines 
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and fast lines can, by selection, be isolated among the descend- 
ants of a single parent. I have carried out this work for Sty- 
lonychia pustulata. The animals were kept isolated and trans- 
ferred daily to fresh culture medium ; for the fast lines the indi- 
viduals that divide first are uniformly selected; for the set to 
be developed into lines having a slow rate of fission the indi- 
viduals that divide last are taken. 

No attempts have ever been made heretofore to test the -effect 
on the fission rate of selection among the progeny of a single 
individual. It appeared possible, though hardly probable, that 
such a physiological character might give results differing from 
those obtained from studies of the mainly structural characters 
hitherto examined. The work was undertaken at the sugges- 
tion of Prof. H, S. Jennings, to whom my sincere thanks are 
due for assistance throughout the work. 

The fundamental questions for examination are then as fol- 
lows: Can we, with respect to the character examined, get from 
a single genotype by selection two genotypes that differ charac- 
teristically from each other under identical conditions; and that 
retain these differences from generation to generation? Is selec- 
tion of small variations, such as appear within the pure strain 
or clone an effective evolutionary procedure? 

TECHXIQt;E 

In any investigaSon of a physiological character which is se 
delicately responsive to all environmental changes as is the 
fission rate of infusoria, the statement of Calkins {’02, p. 141) — 
‘CV correct method is the sine qua non of successful experiments 
with Protoi^oa;’' — applies with peculiar force. In order that re- 
sults may be of any value conditions must be uniform throughout. 

Jennings (T3) has pointed out that to secure this uniformity 
the bacterial content must not vary. In addition to uniformity 
the technique used in work on the fission rate must insure the 
experimenter against the introduction of a 'wild^ individual into 
the cultures and against the contamination of the lines inter se. 
These results have been secured by the adoption of the follow- 
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iiig method, which is a modification of that described hv Jennings 
C13): 

As culture medium, ^ of 1 per cent Horliek’s malted milk 
was employed, a fresh supply being made daily, This is the 
medium adopted by Miss Peebles (’12), One gram of i he malted 
milk powder was dissolved in a 100 cc. grathiate in a few ec. 
of boiling spring water; this was then diluted to 100 with 
more '*of the boiling spring water. Six and one-quarter vv. of 
this 1 per cent solution were next diluted to 100 cc. witJi boiling 
spring water and this rc per cent solution was lilterctl and 
cooled. 

The animals were cultivated on ground glass slides liaving 
each two circular depres.sions capable of holding four or fiv(' 
drops of liquid apiece. These were ke])t in moist chambers. 
Three drops of culture medium were used in e:ich depression 
and no cover-glasses were employed. Tlie ‘fast’ lines wgi'(‘ ki’pt 
in the left concavities and the corresponding slow lines in the 
right concavities of the same slides, so that conditions were 
uniform for the two sets. 

Uniformity of bacterial content in the cnll:u]-(^ imulium was 
secured by washing the animals in fi’osh culture' medium before 
transferring to a new slide. The animals w('r(' allowed to swim 
about for a time in the fresh medium, in order to wasli lliom- 
selves largely free of bacteria : they Avere then ti'ansfeiaed to th(> 

, definitive slide, in new fluid. Tlu^ ])ipelte used in t ransfenhig the 
individuals was invariably sterilizetl in boiling water afti'r each 
transfer, thus absolutely preventing the unintentional introduc- 
tion of any individual Avhich might cling to the })i])ett(': then; 
was thus no possibility of admixliu’e of the J'asP and ‘slow’ 
sets. The slides were labeled in lead pencil; the number of 
fissions and selections at cacli examination were likinvisc recorded 
on them, to be later transferred to permanent records. The 
individual lines were designated in accordance with thc))lan 
set forth by Jennings (T3). 

Each concavity contained characteristically tAvo parent indi- 
viduals, the products of a single fission. The slides wer{3 ex- 
amined daily or of tenor. AYhen one of the two individuals was 
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found to be divided^ while the other was not, a selection was 
made (fig. 1). If the line is under selection for the production 
of a rapid rate of fission, the two progeny of the individual that 
has divided are transferred to the new slide, while the undivided 
individual is rejected. In selection for a slow rate of fission, 
on the other hand, the individual not yet divided is selected for 



Fig. 1 Diagram of successive fissions among the progeny of a single indi- 
vidual, illustrating the variations in fission rate which were the subject of selec- 
tion in the present work. The left side of the figure traces a series of ‘fasU 
selections, the right side a series of ‘slow’ selections, showing that at a given 
moment we may have, among the progeny of a single parent individuals of the 
fourth and of the second generation. 

propagating the stock. This process is continued: a 'selection' 
is made and counted whenever one of the two parents is found 
to have thus divided before the other, 

EXPERIMENTS TO TEST THE EFFECT OF SELECTION ON THE 
FISSION RATE WITHIN A SINGLE CLONE 

1 . The first series of experiments 

Experiment 1 , part 1 . Direct selection in opposite directions, 
November 3 to December 3, 1913. 

On November 3, sixty animals of the sixth generation from 
a single individual which had been isolated from a 'wild' labora- 
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tory culture of Stylonychia pustulata were isolated on j 2 :roumi 
glass slides^ one animal *to each conciudh', thus di\’iding the 
sixty animals into two groups of thirty each: one group to he 
selected for a fast fission rate ('plus selection’), the other for a 
slow one Cminus selection'). Por twenty-one da\'s these thirty 
‘fast’ and thirty ‘slow’ lines were ]>ropagated with fiaxpient 
selection as described above. On the twenty-seeond day tlie 
fast ftd the slow lines were duplicated (l)y division) and m tlie 
twenty-third day the first forty of the I’esulting sixty fast liin^s 
and the corresponding slow lines were all duplicated so that now 
we had one hundred fast lines and one hundred slow lint's, plus 
and minus selection continuing with all these. Tlie.se were llnis 
propagated until the end of the tliird t('n-day period. Tlie 
actual number of fissions per line and the actual number of selec- 
*tions that were made during the tlirec t('n-(lay pt'riods an' 
shown for the first thirty lines of each set in jnxtapoijition in 
table 1. 

When the differences per ten days of the sixty lim's nrv aver- 
aged it shows that on the a^'elage the ‘fast’ lines have pro- 
duced 2.03 generations more than the a\'erage for the ‘slow’ 
lines during the first ten-day period, 3.57 geuenifions inoi’i' in 
the second ten-day period and 2.40 generations more in the thinl 
ten-day period. Further, the fast lines have eaeli averagi'd 2.07 
generations more per ten days, during the whole thirty days, 
than the slow lines. In other words, this ’tabic shows tliat on 
t*he average each of these thirty fast lines lias produced 0.207 
generation more per day during tliis thirty-day period than has 
each slow line. Figure 2 is the curve of the differeuee liehveen 
the daily averages of the two sets. 

It is clear that the direct effect of the selections made would 
be to produce a difference in favor of the ‘fast’ lines as long as 
plus and minus selection continues, even tliongh the differences 
were not hereditary and were due purely to accidental causes. 
Our next test is therefore to determine whether any heretlitaiy 
result has been produced ; to do this, .selection must cease, and 
we must determine whether the differences in rate still continue. 
The most obvious method would be to stop selecting and pick 



Experiment 1, Pari 1: Number of fis&ions {generations) and number of selections per line per ten-daij period, for the first thirtg lines of both the 
fast and slow sets while opposite selection was in progress; xrith the excess in fa, or of the fast set. (Dijfcrcnces gtren the minus sign show an 
excess of the slow set) 
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at random the animals for daily transfer to the frcsli slides. Ihit 
this method opened the possibility of tlio ‘personal ecpuitioid 
becoming so important a factor tliat I rejected it. In jdaco of 
it I devised what I have called the method of ‘balanced selec- 
tion.^ Balanced selection is the process of compensating for the 
effect of every selection that one is compelled to make by making 
the reverse selection at the next opportiniity; in otlior words, 
one m§kes the same number of plus and minus selections in any 
given line during each successive time interval adopted. Thus, 
if on a given day one makes a plus selection, at the next oppor- 



Fig. 2 Curve of the daily dilkrcnces between the average nninl>er of gericr- 
ations per line produced by each of the two sets of lines wliilc under solectiiui in 
opposite directions (Exp. 1, part 1), The ordinates show the average differences 
(in fractions of a generation) in favor of tlic fast selected lin( 3 s; the abscissae are 
the days. 

tunity he would make a reverse, or minus sel(;ction. In order 
to be able to tell at a glance whether to make a plus or minus 
selection the character of the sclet^tion to be made was tdso 
recorded on the slide. 

In addition to carrying out balanced selection, in a jmrtion of 
the lines reversed selection was practiced; that is, the fast lines 
were now subjected to minus selection, the slow linos to plus 
selection. Of course, if the observed difference in rate is heredi- 
tary and has resulted from selection, then there is no logical 
reason why tho same result should not be obtained a second 
time, so that the difference would disappear, or eventually be 
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replaced by a reversed difference. The experiment with bal- 
anced and reversed selection is that described next. 

Experiment 1~A. Balanced selection and reversed selection, 
December 4 to December 23, i913. 

This experiment was undertaken to test by the- methods set 
forth above whether the difference in fission rate shown at the 
end of thirty days of opposite selection by the two sets of lines 
in Experiment 1, part 1, were hereditary. In the first place 
fifty of the slow lines and fifty of the fast lines were subjected 

TABLE 2 


Experitnent I -A: Actual number of generations per ten lines per ten-day period 
for the 50 fast and 50 slow lines of Experi?nent 1, Part 1, when sheeted to bal- 
anced selection 


NrM.,KKOKt.IV,..S 

11 TO 
20 

21 TO 

30 

31 TO 

40 

71 TO 
80 

1 

91 TO 
100 

AVKIIAGE 
, PEH 

' LINE PER 

10-DAY 

PERIOD 

! 

AVERAGE 

I PER, 

LINE PER 
day ^ 

First 10-(lay Period; 

152 

IGO 

161 

j 

160 

1-13 

! 

15.52 

1.552 


158 

167 

M8 

136 

15.28 

' l.'52S 

Differences in favor of the 
fast lines 

- 3 

2 

j 

: ■ G 1 

12 1 

i 

' 7 

• 

0.24 

0,024 

Second lO-da^' Period: 

Fiist lines ! 

90 

95 

j 

88 

99 , 

100 

9.44 

0.944 

Slow lines 

8<S- 

89 

87 

97 

86 

8,94 

0.894 - 

Differences in favor of tlie 
fast lines 

* 2 

6 

1 

o 

14 

0.50 

0.050 





to balanced selection for twenty days. Table 2 gives the actual 
number of generations that these fifty fast and slow lines pro- 
duced. The sets are divided into groups of ten lines each. 

The average difference of fission rate per line per day for the 
whole thirty days of Experiment 1, part 1, while selection was 
in progress was 0.267 generation in favor of the fast lines. For 
the twenty days of balanced selection it was 0.037 generation. 
This would seem to indicate that the direct selection of Experi- 
ment 1, part 1, had produced a very slight heiitable difference 
in fission rate between the two sets, especially since the differ- 
ence 0.05 generation of the second ten-day period of balanced 
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selection is considerably larger than for the first, 0.024 genera- 
tion; and further it suggests the conclusion that if direct selection 
were practiced long enough n greater differ<^ice might b(‘ 
established. 

TABLE 3 


liJxperiment 1-B: Acliial numher of generations per ten linc.i per l,en.-<laij period 
for the fifty fast lines and fifty slow lines subjected to rceersed selection (‘fast' 
selected now for slow fission, ‘shur lines for fast fission) 


NT7MBBH OP lAXKS 

1 TO 

10 

41 TO 

50 

.51 T(> 

r,o 

fil TO 

;u 

I 

S] TO 
<UI 

avku.^ok 

PKK 

l.tS'K pull 
Ul-DW 
Piciiioir 

w I- UAiii: 

l.isr. I'S-iii 

i' A V 

First 10-daj(|period: 

Slow lines, plus selected: 

Selections 

Generations 

29 

157 j 

42 

187 

i 

47 

174 

I 

55 

U>(.> 

-18 

ISO 

1 

1 

1 

17.2S 

1,73 

Fast lines, minus se- 
lected: 

Selections 

Generations j 

I 

i 

36 1 

147 

42 
' IGO 

^ 150 i 

39 

' 137 

35 

145 

14.78 

1.4S 

Difference in favor of 
linea now plus selected. 

10 

27 

24 

29 

i 

35 

[ 2.50 

0.25 

Second 10-day Beriod : 

Slow lines, plus selected: j 

Selections 

Generations. . 

24 

96 

2S 

108 

23 

8S 

38 

no 

25 

96 

9,96 

1.00 

Fast lines, minus se- 
lected: 

Selections 

Generations 

i 

22 

95 

21 

93 

17 

92 

.34 

93 

33 

95 

9,30 

0,94 

* Difference in favor of 
lines now plus selected. 

1 

15 

-4 

17 

1 

0.60 

0.06 


Reversed selection. Table 3 gives the actual number of fis- 
sions of the fifty fast and slow lines under reversed selection. 
Again the lines of each set are divided into groups of ten each. 

Table 3 shows that reversed selection has made the average 
fission rate of the fifty slow lines faster than the avaage fission 
rate of the fifty fast lines. Now, as pointed out above, if the 
observed difference in fission rate is hereditary and has resulted 
from selection this result might logically be expected to follow 
from reversed selection. The net result of both phases of this 
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Experiment 1-A, while favorable to the production of an heredi- 
tary effect througiv selection, was to show that opposite selec- 
tion must continue for a much longer period before the nature 
of the result can be established beyond controversy. 

Experiment E Continued opposite selection, Decem- 

ber 4 to December 23, 1913. 

While Experiment 1-A was in progress certain fast and slow 
lines of Experiment 1, part 1, were kept under direct selection 
as a precaution against the possibility that selection in that 
experiment had not yet produced heritable differences in the 
fission rate. For this purpose fast lines 6, 30, 43, 45, 60, 73, 
76, 78 and 100 and slow lines 3, 4, 9, 41, 53, 71 and 85 were 
chosen. During the first of these two ten-day periods the ani- 
mals were transferred to fresh slides every twenty-four hours 
and during the second ten-day period, every forty-eight hours. 
The actual number of generations produced by each of these 
lines, during the two ten-day periods is shown in table 4. 

TABLE 4 


Kxperrmerit 1, Part 2: Actual niimher of generations and selextions per line per 
le7}-d(i}j period, uuihihe excess of generations in favor of the ‘fasff Direct selec- ^ 
tion of the fourth and fifth ien-daij periods of Expefrmrenl 1. 
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This experiment is simply a conneeting link between part 
one and part three of Experiment 1. Thereds a slight increase 
in the difference between the average number *of generations 
produced by the fast and slow lines dui'ing tlio Hrst and second 
ten-day periods. The fourth and fifth ten-day periods of figure 



*Fig. 3 Polygon of the average number of ge.ienitions prod.uMxl, per line, 
by the fast and alow selected sets of lines of j'ixiKTiinenL 1, tl)e two vuue 
undergoing selection in opposite directions; averaged for tcn-divy ponods. I le 
polygon slKnvs this average for each of all the. 1» eonsceutivc len-hay ,,er,o|l.s 
of Experiment L The continuous line shows the uvrrage for flic Iasi hues, ic 
broken one the average for tlie slow Hnc.s. Tl.e or.iinalea give the average 
number of go,neratioas produced and tlie ab.scis.sae tlie muubcr of ila.vs since tin. 
beginning of the experiment- -tlie successive ton-day periods. 


3 show the average number of generations per line per ton-day 
period for this part of the first experiment and its hrst three 
ten-day periods show it for the first part; whdo figure 4 is the 
curve of tiie daily differences between tlie average number ol 
generations produced by each fast and each slow line during 
these two ten-day periods. 
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Fig;. 4 C'lirve of the daily dilTererices between the average number of gen- 
erations per line produced by the fast selected set and the slow selected set 
during the fourth and fifth ten -day periods of opposite selection in Experiment 1 , 
(i.e., Exp. 1, part ‘2.) The ordinates give the daily differences, the abscissae 
give the days. 

Experimefit 1, part 3. Continued opposite selection, Decem- 
ber 24, 1913, to January 22, 1914. , 

It will be noticed from table 1 and figure 3 that the differ- 
ences between the average number of generations produced by 
the fast lines and the slow lines during the three consecutive 
ten-day periods of Experiment 1, part 1, are 2.03, 3.57 and 
2.40. 'That is, each fast line produced, on the average, 0.2(i7 
generation more per day than each slow line during these thirty 
days. Table 4 and figure 3 show that the corresponding differ- 
ences for the fourth and fifth ten- day periods of Experiment 1, 
were 2.43 and 3.57 which gives a daily average difference of 
0.300 generation per line. This difference, in favor of the 
average fast line is slightly (0.033 generation), greater than 
the corresponding difference of Experiment 1, part 1 (0.267 
generation). Does this mean that on the average, selection is 
gradually increasing this difference? Experiment 1-A indicates 
that opposite selection had produced a heritable difference in 
the average fission rate of the two sets of lines; may this herit- 
able difference be increased by further opposite selection? 
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To answer this question tlie first sc\Tn of tJie fast linos of 
Experiment 1, part 2, were eacli increased division) to four 
and from the eighth two lines wore derived, gi\’tng thirty fast 
lines in all. Each of the slcif\' lines of Jv\])orinient 1, part 2, 
was likewise increased to four, witli the oxee])t ion of the last 
one which was increased to six, thus giving tliirtv slow lines. 
These two sets of lines were then selected foi’ fast and slow rates 
of fission. During the three ten-day periods of this part of 
Experiment 1, the selection* and transfer of animals to fresh 
slides was made every forty-eight liours instead of at tlio (‘lose 
of every twenty-four hour interval as heret(jfo]'(‘. 

At the end of the first ten-day peritKl the eight fast, liiws 
which had produced the highest number of generations were 
selected and thirty lines were derived from them, care being 
taken that each group of ten lines, the ^fast’ occupants of a 
single moist chamber, were represent (id in the new set. Also 
eight of the slow lines which laid jnedueed the smallest number 
of generations were sel(Hd(xl and from them thirty liiu's for 
continued slow selection were deri\'ed. The same precaution 
was taken in reference to the distribution of tin* selected lines 
among the three moist chambers. These two sets of lines were 
then selected for fast and slow fission rat('s during th(i s('cond 
ten-day period. Finally this same method of reduplication of 
the fastest and the slowest lines and the subsec pient continued 

selection of the individual variations of fission rat(‘ was folUmaal 

« 

through the third ten-day period. 

This method of ‘double selection was do'^dsed udth the purpose 
of crowding as much selection into the experiment as p()s.sil)lc, 
in the attempt to determine whether continued selecdion would 
gradually increase the previously established differences ])etwocn 
the average rates of fission of the two sets of lines. It will bo 
remembered that the difference of average fission rates between 
the two sets of lines at the end of Expcriirient 1, part 2, was 
3.57 generations per line ])er ten-day period as shown by the 
fifth ten-day period of figure 3 and, by table 4. Ihe sixth^ 
seventh and eighth ten-day periods of figure 3 show those diffei^ 
ences for the three ten-day periods of the present part of Kxperi^ 
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mcnt 1. For the first period of this part (sixth period of the 
entire experiment) the difference was 1.53 generations per line 
per ten-day period, for the next it was 3.41 generations and for 
the last it was 7.51 generations.# The sftiall difference of 1.53 
between fast and slow in period 0, following upon a period w^hen 
the difference was 3.57, is due to a slowing of the fission rate in 
all lines during period 6, owing probably to low temperature, 
and perhaps partly also to one of the rhythms emphasized by 
Woodruff and his colleagues. The percentage of difference in 
proportion to the total average fission rate is in reality greater 
in period 6 than in preceding periods. Thus, for period 4 the 
average number of fissions for all sets was 15.925, and the differ- 
ence between the fast and slow was 2.43 — this difference being 
thus 15.25 per cent of the average rate. In period 6, the small 
difference 1.53 is actually 27.34 per cent of the average rate 
for all. Table 5 gives the actual number of generations pro- 
duced by each of the lines during the three consecutive ten-day 
periods, the number of selections that were made in each line 
and the average difference per line for each ten-day period. 

Table 5 and figure 3 demonstrate in this experiment a con- 
tinued increase of the difference between the average rates of 
fission of the two sets of lines. As has each of the previous 
experiments, so also does this one show that the fission rate 
within the clone may be changed by selection. During its three 
ten-day periods each fast line produced on the average 0.415 
generations more per day than each slow one. On only one day 
during the thirty days of this experiment did the slow lines 
produce more generations than the fast lines and on that day 
only an average of 0.3 generation per line, as shown by figure 
5. The two sets indeed hardly overlap at all in their rates, 
practically all of the fast set being faster than any of the slow 
set. This is shown by the curves of variation of the two sets 
in figure 6. Only one slow line produced as many generations 
as the slowest fast line. 
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TABLE 3 


Experiment 1, Fart S: Actual number of (jencratiotm and of seleciiantt per tnt-day 
period per line of the third part of Experiment /, that is, the sixth, serenth 
eighth ten-day periods of continuous opposite sehetion, leith the excess in ijenera- 
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Experiment 1-B. Balanced selection, January 23 to April 22, 

1914 . 

At the close of Experiment 1, part 3, the two sets of lines of 
that experiment had been under continuous opposite selection 
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for eighty days, and the average difference per line per day had 
increased from 0.267 generation for the first thirty days to 0.415 
generation for the last thirty days of that period. To test the 
permanence of this apparent effect of selection, to determine the 
answer of our experiments to the Question “Can we get from a 
single genotype by selection two genotypes that differ charac- 



Fig. 5 Curve of the daily difference between the average number of gener- 
ations per line produced by the fast set and the slow set during the sixth, seventh 
and eighth ten-day periods of opposite selection in Experiment 1 (Exp. 1, part 
3). The ordinates give the daily excess in favor of the fast-selected lines, the 
abscissae give tlie days. 


teristically from each other under identical conditions ; and that 
retain these differences from generation to generation?’^— the 
lines were now subjected to the test of balanced selection. For 
this purpose all the thirty fast and thirty slow lines which were 
in progress at the close of Experiment 1, part 3, were continued. 
In order to make the test thorough it was prolonged through 
nine consecutive ten-day periods, or ten-days longer than the 
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lines had been subjected to opposite selection. During this 
whole experiment the animals wore transferred to fresh slides 
daily as described at the beginning of this ]')a]wr. 

The results of Experimont*l-Jb are so inp)ortant that they 
are set -forth in some detail in table (>, This table gives the 
actual number of generations produced b\’ each fast aiul eacli 



Fig. 6 Curves of variation in actual number of fissions of tho two set.s of 
lines of Experiment 1, Part 'S. The ordinates give tlie iimnbcr of Ime.s, the 
abscissae the number nf generations produced during i ho tliirty days, d lie eon- 
timiQUS line is the curve of the fast-sdccted set, the broken one is that oi ibe 
slow-selected set. 

slow line during each ten-day period of the experinieiit, anil tlie 
difference between them. This difference is given as a positive 
quantity when the fast line iias produced more generations than 
the corresponding slow one and negative when the reverse is 
the case.. The latter occurred only thirty-one times among the 
whole two hundred and seventy differences. In twelve of the 
lines it did not occur at all; in nine linc.s, once; in six lines, twice; 
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in two linCvS, three times; and in one line four times. T\Tien the 
differences between the number of generations produced by the 
corresponding lines during the whole ninety days were ascer- 
tained it was found that in not a single case had the slow line 
produced more generations than its fast one. And in only two 
lines was the excess of the fast over the slow probably too small 
to be significant (fast line ten j) reduced only five more gener- 
ations than slow line ten, and the two lines number fourteen 
produced the same number of generations). Furthermore dur- 
ing each ten-day period the total number of generations produced 
by all the thirty fast lines was 7nuch larger than that produced by 
the slow lines, a7id the average number ojT generations per line per 
ten-day period teas wnformly greater for the fast than for the slow 
lines. Also the per cent of the difference in proportion to the 
total number of generations produced by both sets was calcu- 
lated and found to be remarkably uniform; these percentages 
are shown in the extreme right hand column of table b. Finally , 
the average number of generations per line per ten-day period 
for each set of lines is plotted as a polygon in figure 7-a, giving 
a graphic representation of that phase of table 6, 

Figure 8 gives the curve of the daily differences between the 
average number of generations produced by each fast and each 
slow line. On only thKee days during the whole ninety days 
of this balanced selection experiment -was this difference too 
small to be significant (on the eighth and sixteenth of February, 
1914, both sets of lines produced the same number of generations 
and on February 18, 1914, the difference was 0.03 in ^avor of 
the slow set). The average per day for each fast line, including 
the throe instances just cited, was 0.251 generation greater than 
each slow line. From table 6 and from figures 7 and 8 it is there- 
fore evident that, when measured by the test of balanced selec- 
tion, the eighty days of opposite selection had produced a differ- 
ence of fission rate between the two sets of lines that is heritable. 
Furthermore, analysis of the daily records shows that this result 
is not due to the chance isolation of a hiutating' line in either set 
of lines and the subsequent development of the thirty lines of 
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the set from that one; for we have four lines of the fast set that 
run all the way through and tliree of tlie slow linos that do I lie 
same. Table 7 shows the total number of generations proilueod 
by each line of both sets. Tor the fast set tJiose totals I'arv from 
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Fig- 7-a Polygons of the average number of generations per line per ten-day 
period produced by the fast and slow sets of liiies of I'bvperiiucnt 1-Ii during its 
nine consecutive ten-day periods of balanced selection. The continuous line 
shows the averages for the fast set, the broken line tiio averages for tiie slow 
set. The ordinates show the differences of the averages, tlic abscis.sac the ten- 
day periods. 

Fig. 7’h Curve of the diHerence between the average numljcr of generations 
per line per ten-day period produced by the fast and slo\v sets of lines of Experi- 
ment 1-B during its nine consecutive ten-day periods of balanced selection. 
The ordinates show the ditTercnces of the averages in favor of the fast set, the 
a|?Ecissac the consecutive ten-day periods. 
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seventy- three to one hundred and seventeen and for the slow 
set from forty-eight to ninety-six with the exee])tion of one line 
which produced one hundred and four generations, tdie first 
ten lines of both sets each produced a much larger number of 
generations than the remainder of the lines of its own set. tliese 
lines were the occupants of a single moist chamber, st) that 
there was probably some environmental ditferem'o distinguishing 
this moist chamber from the other two. That ciivirommaitt^ 
differences have a marked effect on the fission rate of infusoria 
has of course been shown by many writ('rs. 

Figure 0-a gives the curves of variation in number of genera- 
tions produced by each fast and each slow line during balanced 
selection. The curve for the slow lijies shows an apparent 
bimodality. To determine whether this might be attributable 
to the enviroiimftital diff’erem'c suggested by table 7 these same 
variation curves were plotted for the first ten lities of (‘ach set 
alone. These curves are shown as figure ff-6; tlie cuiacs ai’o 
mutually exclusive. Table 7 shows that only one slow lino 
among these ten produced more generations than the slowest 
one of these first ten fast lines. Figure 9-c gives the eurv(N of 
variation for fast and slow lines 11 to .'10, the occupants of the 
other two moist chambers. Only four of ilu'st^ twenty slow lines 
produced more generations during the ninety days of balanced 
^election® than the slowest fast line. 

It must be borne in mind in this connection that these ‘‘two 
sets of thirty lines” are parts of the-samc clone. That is, wc have 
got here, from a single genotype by selection two genotypes that 
differ characteristically from each other under identical condi- 
tions; and that retain these differences from gemu-ation to 
generation. 

Experiment 1, part 4- Further opposite selection, January 23 
to March 14, 1914. 

While Experiment 1-B was in progress the original lines were 
continued under direct selection for two reasons: 1) As a pre- 
caution against the possible failure of the difference of fission 
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I'ig. 9-(7. Carves of variation of the lines of Experiment 1-B, the ninety- 
days of balanced selection. The ordinates give the number of lines, the abscissae 
the number of generations produced. The continuous line is the curve of the 
fast set, the broken line that of the slow set. 

Fig. 9-5 Curves of variation of the first ten fast and first ten slow lines of 
Experiment 1-R (balanced selection). The ordinates represent numbers of lines, 
the abscissae, generations. The continuous line is the curve of the fast set, the 
broken one the curve of the slow set. 

Fig. 9-c Curves of variation of the last twenty fast and last twenty slow 
lines of Experiment 1-B (balanced selection). The ordinates represent numbers 
of lines, the abscissae, generations. The continuous line is the c^rve of the 
fast set, the broken one the curve of the slow set. 


rate to survive long continued balanced selection (Experiment 
1-B) ; 2) To discover what wuld be the effect if selection con- 
tinued further on these lines. During the first three ten-day 
periods there was no further reduplication of extreme lines and 
the slides were changed daily. At the end of the third ten-day 
period the fastest lines of the fast set and the slowest lines of the 
slow set were again chosen for reduplication and continued 
selection, as described for Experiment 1, part 3. This was the 
only time this was done during the present experiment. The 
slides were changed every forty-eight hours during the fourth 
and fifth ten-day periods. The ninth to the thirteenth ten-day 
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periods of figure 3 (whicli gives the a\’orage fission rail's of the 
two sets of lines of the entire first experiment foi* the one hun- 
dred and thirty days they were seli'ctiHl), give the average 
fission rates of the lines of this part of l ixperiment 1. 4\ahle S 
gives the actual number of generations per lines as well as 
the average number of selections and generations pi'r liiu' that 
occurred and the differences in tin; average fission rates. 

It has been pointed out that, on tlu' avian go, for the first 
three ten-day periods of Exi)erinient 1 laicli fast line ])rodin*e(l 
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0.267 generation more per day than each slow line. During the 
fourth and fifth ten-day periods each fast line produced^ on the 
average 0.300 generation more per day than eHh slow line. 
During the sixth, seventh and eighth ten-day periods this daily 
average difference per line was 0.415 generation. Table 8 shows 
that during the ninth, tenth, eleventh, twelfth and thirteenth 
ten-day periods it was 0.305 generation, which is considerably 
smaller than the 0.415 generation difference of the sixth, seventh 
and eighth ten-day periods of Experiment 1. But, as in a pre- 
vious case, this is due merely to the fact that the average fission 
rate for all lines has decreased; relative to this average fission 
rate the difference between fast and slow lines has not decreased, 
but on the contrary has increased. For part 1 of Experiment 1, 
the difference between the fast and the slow lines in number of 
generations produced was 6.0 per cent of the total number of 
generations produced by all; for part 2 it was 12.8 per cent; for 
part 3, 19.3 per cent, and for part 4 it was 21.2 per cent. Conse- 
quently, throughout the entire period of selection (thirteen ten- 
day periods), the proportional difference between fast and slow 
lines has steadily increased. 

Figure 10 further emphasizes the genuineness of the differ- 
ence of fission rate between these two sets of lines for Experi- 
ment 1, part 4. It shows the curves of variation of these two 
sets of lines of that experiment. 

Experiment 1-C. Mass culture and balanced selection, March 
17 to May 4, 1914. , ' 

In order to demonstrate as| conclusively as possible whether 
the apparent average difference of fission rate between the, two 
sets of lines was hereditary or not, it was decided to subject 
them to a period of mass culture and then to balanced selection. 
This was to determine whether the average difference of fission 
rate had survived the mass culture treatment. On March 4, 
1914, all the animals remaining in the TasF concavities after 
the transfer of the chosen individuals had been made to fresh 
slides were placed, unwashed in a single circular glass dish 3| 
inches in diameter and 2 inches deep in 50 cc. of per cent 
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Horlick’s malted milk; and all those roniainbi^ in the ‘slow’ 
concavities were similarly treated. These two mass cultures 
were placed #de by side on the laboratory table and allowed to 
propagate for twelve days. Every three day.'^ 25 cc. of boiled 
and cooled spring water was added to each to compensate for 
evaporation. The animals placed in these mass cultures were 
taken from Experiment 1~B, and hence had been subjected to 
opposite selection for eighty days and balanced selection for 



* Fiff 10 Curves nf variation of tlje linos of Expcriiaont 1, Part \ (continuous 
selection). The ordinates give numbers of lines, the abscissae the ^jimpralions 
produced during the fifty days of the experiment. Tl.e continuous line ttm 
curve of variation of the fast set, the broken one the curve of the slow set. 

forty days; they were now allowed to remain in mass cultures 

for twelve days. , r 

On March 17, 1914, thirty individuals won- taken trom tne 

mass culture of fast lines and isolated on slides and thirty indi- 
viduals were also isolated from the mass culture ot slow lines. 
These sixty lines were then subjected to balanced selection for 
a period of fifty days, the transfer to fresh-slides being made 
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In order to be sure of the uniformity of the bacterial con- 
tent of the slides, on March 18, an equal small quantity of the 
liquid from each of the mass cultures was adde#to the fresh 
medium. It was added two or three drops at a time and each 
few drops carefully studied in a watch glass under the binocular 
before it was added to the fresh culture medium. On March 20, 
each animal transferred to the fresh slides was washed in a watch 
glass in a mixture of equal quantities of the culture medium 
from the mass cultures instead of being washed in fresh culture 
medium. 

Now at the end of this fifty-day period of balanced selection 
the two sets had experienced eighty days of opposite selection 
immediately followed by one hundred and two days of no selection. 
If the difference remains after this test it is evident that selec- 
tion has in this case produced an heritable difference in fission rate 
within the clone. Table 9 shows that this difference of average 
fission rate does persist. Figure 11 shows the rate of division 
of the two sets of lines, averaged for ten-day periods, during 
this balanced selection test. 

Experiment 1-D. Reversed selection, April 13 to June 1, 1914. 

A second experiment in reversed selection was started on April 
13, 1914, from lines derived from Experiment 1-B, the ninety- 
day balanced-selection experiment described above. Hence they 
had been subjected to eighty days of opposite selection and this 
was followed by eighty days of balanced selection before re-* 
versed selection was started. This experiment was prolonged 
through five ten-day periods with daily transfer to fresh slides 
and during the wliole time the average fission rate of the fast- 
selected 'slow' lines was higher than that of the slow-selected 
'fast' lines. And on tlie whole there was a gradual increase of 
this average difference as reversed selection proceeded. Hei“e 
again selection has altered the fission rate and the new rates 
were hereditary. Figure 12 and table 10 show graphically the 
results of this experiment. 

Attention is called in table 10 to the large average number of 
selections per line for the fifty days of this reversed selection. 
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It is 13.74 selections per line for the fast-selected 'slow’ lines and 
12.70 selections for the slow-selected 'fast’ lines. Now the aver- 
age difference of fission rate per line per day for the eighty days 
of balanced selection immediately preceding the present experi- 
ment was 0.25 generation per line per day and as a result of the 
fifty days of reversed selection this difference was wiped out and 



A 



• Fig. ll-cr Polygon of the average number of generations per line per ten- 
day period produced by the ‘fast’ and ‘slow’ sets of lines of Experiment 1-C 
(balanced selection for 50 days after 80 days of selection, 40Mays of balanced 
selection and 12 days of mass culture) . The continuous line shows the averages 
for the ‘fast’ set, the broken one the averages for the ‘slow’ set. The ordi- 
nates are the averages per ten-day periods, the abscissae, the ten-day periods. 

Fig. 11-6 Curve of the difference in favor of the fast lines between the aver- 
age number of generations per line per ten-day period produced by the ‘fast’ 
and ‘slow’ sets of lines of Experiment 1-C during its five consecutive ten -day 
periods of balanced selection after mass culture. The ordinates are the differ- 
ences of the averages, the abscissae the consecutive ten-day peiiodp. 
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an average difference of 0.27 generation e-stablished in tlie re\-(>i>e 
direction. 

If this difference shows itself to be lioritable, it will ai)|)eiir 
that it is probably due to the large luuiiher of seh'ctions prac- 
tised within the relatively sliort period of fifty days; it will indi- 



Fig. 12 Polygon of the average number of gciieratioii.s jxm- line rx'r ton-ihiy 
period produced by the 'fast' and ‘shnv’ f-etti of lines of Experimeiil 1-i> 
(reversed selection). The continuous line of the curve of the former fast lines 
now slow-selected. The broken line is the curve of the former slow !iii<‘s now 
fast-selected. The ordinates are the ttverrtges per ten-day jjeriods, (he ;il).sci.'<sae 
the ten-day perigds. 

cate that the alteration of fission rate is proiiortiooal to the 
number of selections made, rather than the leiiglh of lime over 
which the selections are distributed. This matter is tested in 
the next experiment. 

Experiment 1-E. Balanced selection after reversed selection, 
June 2 to June 21, 1914, 
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TABLE 10 


Experiment 1-D: Actual number of generations and selections per SO lines per ten* 
day period during the five ten-day periods of second reversed selection of the 
lines of Experiment 1 


TKN-OAY PEEIOU5 

FIRST 

! 

BECONDj 

! 

THIRD 

FOURTH 

FIFTH 

TOTAL 

AVERAGE 
PER LINE 

Fast Selected Slow Lines: 








Average number of selec- 








tions 

2.40 

2.77 

2.63 

2.27 

3.67 



Total number of generations 

263 

309 

300 

1 292 

473 

1637 

54.57 

Average number of genera- 








tions 

8.77 

10.30 

^ 10.00 

9.73 

15.77 


10.91 

Slow Selected Fast Lines: 








Average number of selec- 








tions 

2.83 

2.70 

2.13 

2.60 

2.53 



Total number of generations 

237 

273 

217 

225 

276 

1228 

40.93 

Average number of genera- 








tions 

7.90 

9.10 

7.23 

7.50 

9,20 


818 

Actual excess in favor of the 








fast selected ‘slow’ lines. . . . 

26 

36 

83 

.67 

197 

409 

13.64 

Average excess in favor of the 








fast selected ‘slow’ lines. . . . 

0.86 

1.20 

2.77 

2.23 

6.56 


2.73 ' 


The lines from the experiment in reversed selection (Experi- 
mcnt 1-D) just described were next continued under the bal- 
anced selection method for two ten-day periods in order to de- 
termine whether the differences in the reverse direction obtained 
in that experiment were true heritable differences of fission 
rate. The animals w^ere transferred to fresh slides daily. Figure . 
13 shows the polygon of the average fission rates of these two 
sets of lines and table 11 gives the actual number of generations 
produced by each set. From these it appears that the average 
daily difference of fission rate per line between the two sets of 
lines is 0.38 generation in favor of the fast selected slow set. 

It is therefore clear that reversed selection had really pro- 
duced an heritable difference in fission rate in favor of the 
former slow lines; the relative rates of fission of the two sets 
was now reversed. As before remarked, this result is to be 
expected; the earlier experiments show that direct selection pro- 
duces hereditary differences in one direction; reversed selection 
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in the same way produces hereditary differences in the opposite 
direction. 

General results of the first group of experiments. 4'he exi)eri- 
ments thus far described have all dealt witli parts of a single 
clone of Stylonychia pustulata; selection has been practised on 



I \ I 

10 20 

Fig. 13 Polygon of the average number of generations per line per ton-day 
period produced by the fast and slow sets of lines of Experiment 1-K (balanced 
selection after the reversed selection of Experiment 1-D). The continuous line 
is the curve of the reversed selected former fast lines now balanced selected. 
The broken line is the curve of the reversed selected former slow line.s now bal- 
anced selected. The ordinates arc the averages per ten-day periods; t he abscissae 
the ten-day periods. 

the variations in fission rate within the clone. For one hun- 
dred and thirty days two halves of this clone were subjected to 
selection in opposite directions; this produced a marked and 
steadily increasing difference in the average fission rate of the 
two halves. Expressing the excess of generations produced by 
the fast-selected lines as a percentage of the total number of 
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Range of Slow lines 116 to 128 
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generations produced by both sots, tlio dilTorence wiis (>.9 ]H'v 
cent in part 1; 12.8 per cent in part 2; 19.3 i)er cent in part 3. 
and 21.2 per cent in part 4. Table 12 siunniari/a’s tlie g^nna-a- 
tions produced by each line of each set thvoiighoni all ])ar{s of 
the experiment. It shows that for the fast lines the number 
of generations ranges from 178 to 187, while for the slow lines 
the range is but fi’om 110 to 128. Thus there is no overlapi)ing 
in the two sets; the slowest fast selected line has produc(‘d .>() 
more generations than the fastest slow s{4ected line. 


To determine whether the diderence in fission rat(' thus pro- 
duced is heritable, parts of the two sids were removc'd at inti'r- 
vals and subjected to culture without selection {‘balamaMl >vhv~ 
^tion'). In every case it was found tliat tlie diilcreiK^e was lua-it- 
able. Also, representatives of the two sets after (4glit\ days 
of selection and forty days of no selection, w(‘re sui\i(‘ctcd 1o 
mass culture for twelve days. Turtlier line niWwv for fifty days 
without selection showed that the iii]ieritod (lifrerenc(‘ in tssion 
rate still persisted. Thus the inlierited dilterenco prodiua'd b\ 
selection had lasted for one hundi-ed and two days without 

selection. i i i 

Experiments with reversed selection showed that tln‘ niJiented 

difference could bo reversed as readily as it is j)roauced: Oic 
originally fast set was thus caused to become tlic slower one, 
and vice versa. Continuation of these .sets willmut si'leclion 
showed again tliat the difference so pi'oduccd was lientalde. 

Thus in this case the selecfion of small individual variations 
in fission rate has split the single clone fderived vegetalively 
from a single parent) into two hereditanly di\'erse di-.asions 
(diverse clones). 


2, The f^econd series of experwients 

The results of the lir.st series of c.xporiments a,)peared ^ 
important and in some respects unexpected that it «as le , 
necessary to control them by repetition, liegimimg agaiinuth 
a single individual, and endeavoring anew b 

by selection two liereditarily diverse sets. Ihis was first at- 
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tempted with a single individual taken from one of the fast lines 
of the first set of experiments, giving experiment 2, described 
below. It w^as later carried out anew with the progeny of a 
single Vild- individual (‘third series’). 

Experhnent 2-A. Selection among the progeny of a single 
individual from Experiment 1. The individual selected for repe- 
tition of the experiment was one of those belonging to a fast line 
of the previous experiment. The progeny of this individual 
did not live w^ell, so that in some cases one or both' sets died out 
before any definite result was obtained. In one case, however, 
selection of fast and slow sets was continued through nine con- 
secutive ten-day periods (April 5 to* July 3, 19.14). During 
every ten-day period except the fitst set,, the fast-selected set 
produced more generations than the slow-selected one. The 
results are less striking than in Experiment 1, however, in the 
fact that on twenty-two days out of the ninety, the slow lines 
produced more generations than the fast ones. The irregularity 
Appears connected with the high mortality in both sets. How- 
ever, the average difference in fission rate per line per day in 
favor of the fast selected set was 0.317 for the first thirty days, 
0.757 for the second thirty days; and 0.61 for the third thirty 
days. 

Experiment 2~B. Now the two sets resulting from the ninety 
days’ selection in Experiment 2-A were subjected to balanced 
selection for ten days. The difference in fission rate persisted 
to the extent of an average difference in favor of the fast lines 
of 0.28 generation per line per day, though on one day the slow 
lines were faster by 0.01 generation per line. Before the end 
of the next period all lines were dead, owing perhaps to the hot 
weather. 

Results. The evidence from these two experiments is, so far 
as ;t goes, in the same direction as from those of the first set. 
Selection produced from the progeny of a single individual two 
sets differing hereditarily in average fission rate. 
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3. The third series of experiments 

Experiment 3~A, September 22 to October 21, 1014. 

To further test the results thus fur rouohed, riiul to determine 
whether they ure bused on conditions ^ciierolly occurring in the 
organism studied, a new wild individual was obtained from a 
new mass culture brought into the laboratory September 15, 
1914. From this, two sets of thirty individuals each, all l)eIong- 
ing to the seventh filial generation, were obtained, and sub- 

TABLE 13 


ExpsTiTnsTit S-A' Aciudi nunibcv of goicroiious (itul (>f sclccttOHS per tcuHlup period 
per thirty lines of the 30 fast and SO slow lines isolntrd among the progeny of ike 
single ^wild’ individual subjected to opposite sekeiions for SO days 


TKN-DAt' PBBIODS 

BIKHT 

SECONB 

TlliKU 

TOTAI, 

AVKHAIJE 

PKU I.I.NK 

Fast Lines: 






Average number of selections, 

2.53 

1,60 

1.50 



Total number of generations. 

973 

634 

603 

2210 

73. G6 

Average number of genera- 





i 

tions 

32.43 

21.13 

20.10 



Slow Lines: 



Average number of selections. 

2.90 

1,53 

0.06 



Total number of generations. 
Average number of genera.- 

035 

581 

523 

2030 

, 67,06 

! 

tions 

31.10 

19.36 

! 

17.43 



Actual excess in favor of the 

1 


fast lines. 

I 38 

53 

80 

171 

5,70 

Average excess in favor of the | 



* fast lines 

1,27 

1.77 

2.67 


1.90 

Percent the difference is of the 






total for both 

1.99% 

4.36% 

7.10% 







jected, in the manner previously described, one to ‘fast,’ the 
other to ^slow’ selection. In this series only one individual, in 
place of two, was selected from each line at each change, and the 
selections were made daily. There was no reduplication of the 
fastest and slowest lines. Fourteen of the fast and tw^enty-one 
of the slow persisted intact throughout experiments d-A and 3-B. 

Opposite selection was practised for thirty days. The records 
are given in table 13. In all three ten-day periods the fast- 
selected lines produce more generations than the slow-selected, 
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though in four days of the first period the reverse is true. In 
all the other twenty-six days the average of the fast lines was 
above that of the slow. The table shows a gradual increase in 
the number of generations produced by the fast lines relative 
to those ]) reduced by the slow, tlie excess in favor of the fast 



Fi<r. 14-7 ]^,)lyo• 0 T 1 of the average number of generations per line per three 
day period prodmual by the fast and slow sets of lines of Experiment 3-A (direct 
selection iii opposite directions of the progeny of the second wild individual). 
The continuous line is the curve of the fast set, the broken line, the curve of the 
slow set. The ordinates are the averages, the abscissae the three-day periods. 

Fig. 14-6 Curve of the difference (in favor of the fast lines) between the 
average number of generations per line per three-day period produced by the 
fast and slow sets of lines of Experiment 3-A (direct selection). The ordinates 
are the dilTorences between the averages; the abscissae, the consecutive three- 
d:\v periods. Note the progressive increase of the difference under opposite 
selection. 
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being for the three successive ten-day periods respindivoly 1.00 
per cent, 4.36 per cent, and 7.10 per cent of the total muuber of 
generations produced in the given period. 

The gradual increase of the dilTerenee betwtu'n the two sets 
indicates that this difference was he]‘itabl(\ This gradual in- 
crease is well shown in the curves of liginn 14, giving at a, the 
average number of generations pnuluced juu’ tliree-day })erio(l 
by each set, at h the curve of tlie diOerenccs in favor of the fast, 
set. Figure 15 gives the curves of \ ariatiou (ff tlie total uuinlxu- 
of generations produced l)y the two sets, showing tluit lluw 
overlap very little. The evidence indicates strongly that the 
effect of selection is cunuilativc. 


Experiment 3-B. To test whetlier the <liffei-enc(' })roduceil by 
selection is actually heritable, balanced s(‘l(M'tion was now ])rac- 
ticed for twenty-one days, Oeto])er 21 to Xo\einber 10. 1014- 
On every day but one (the second) tlie lines that had Wen sub- 
jected to fast-selection averaged liigher than otlnu's. labh' U 
gives the actual numbers of generations ])er liiu' foi- tlu' two 
ten-day periods. 


Tabic 14 shows that during both of its periods tlie fast lines 
averaged more generations than th(! slow ones and further that 
the per cent that this difference is of the total number of g(mer- 
ations produced by both together was practi(%‘illy (‘onstant. 
figures 14-c and 14-d show the a^'orage difference of fission rate 
between these two sets of lines, averaged for tlirce-day periods. 
These two figures emphasize the marked uniformity of this 
average difference. Hence this experiment shows that the oppo- 
site selection previously practised had produced a nearly^ uni- 
form heritable difference of a\aTagc fission rate between the two 
halves of this second clone. The results are thus the same as 
in our first set of experiments. 

Experiment 5-C. Effects of conjugation oii tln^ results oi 

'"it Appeared of interest to determine whether these inherited 
results of selection would persist through conjugaiion. It is we 
known that conjugation is an ordeal having many effects on 




492 



FISSION RATE OF STYLONYCMIA PVSTVl.ATA 


m 


vitality and reproductive power; often changing the fission rate. 
Conjugation was obtained among llie selected indi^'iduals of tliis 
third set of experiments, and its effect tested. 

Watch glass cultures were made in - 3 b per cent malted milk 
from each of the thirty fast lines and tlie tliirty slow lines. O?) 

90 zof-^ 


fO 




Ym 14-c Polygon of the average number of generations per hnc per three- 
day period produced by the fast and slow sets of lines of l-ixpernnent 1 (bal- 
anced selections after the direct selection of Expcritriein. 3-A) I he con .ini.ous 
line is the curve of the fast set, the broken line is the curve of the slow set. he 
ordinates are the averages, the abscissae the tlirec-day 

* Fig. 14-d Curveof the difference (in favor of the fa-st lines) betwe 

age number of generations per line per three-day period ^ ^ 

«nd slow sets of lines of Experiment 3-11 (balanced selection after the direct 

it: n. ....... ... 

averages,; the abscissae, the consecutive thiee-day periods, ^ote the practical 
uniformity of the difference under balanced selection. 


December 4 and succeeding days conjugating pairs were ob- 
tained, some from the fast lines, some from the slow ones. 
Though many of the cx-conjugants died, eventually 
tives propagating normally were obtained from six of the fast 
lines and four of the slow ones of Experiment 3-15.^ 

It will be recalled that these animals, before conjugation, had . 
b^en subjected, to opposite selection for thirty days, then to 
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twonty-onc days of culture without selection and twenty-three 
days of mass culture. On December 7, sixty ex-conjugants 
were isolated from the fast lines (ten from each of six diverse 
lines), and sixty from the slow lines (twenty from each of two 
slow lines, ten from each of two others). They were cultivated 
in the way previously described. Balanced selection (i.e., in 
effect no selection) was practised for fifteen days. 'Sable 15 
gives the numbers of generations produced by the fast and slow 
lines during the five three-day periods of this experiment. No 
lines were lost by death, and practically no selection of any 
sort was necessary. 

The dail}^ record sheets of this experiment show that during 
its first fn e days tlie slow lines averaged more generations per 
line than did the fast lines. Table 15 shows this for the first 

TABLE 15 

Expenuioit Actuxtl tmmhcr of gencratio7is of the 60 fast lines of ex-conju- 
gnnls and of the 60 slow lines of ex-ronjugaufs during balanced selection for 15 
days. The tu'o metnhers of each conjugating pair were, individuals of the same 
line 


TtntEK-U.W PERIOD.*; 

I'lRsr 

1 

8K.CUND 

THIRD 

FOl'RTII 

FIFTH 

TOT.A.J. 

AVF,H.ii.GE 

PEll LINE 

F:ist linos: 








Total iiuiiiber of gen- 










303 

188 

237 

192 

1297 

21.63 

Avorago nunibor of 


gc'iK'i'at ions 

6. 30 

i 

0 .03 

3.13 

3,95 , 

3.20 



Slow lines: 

Total nunibcM- of gen- 









410 i 

3iU 

178 


181 

1310 

' 21.83 

Avor.ag6 ninnber of 


generations 

o.o;-! 

0.16 

•2.96 

3.75 

3.02 



Actual excess in favor 




of the fast lines 

- • 3<S 

-8 

10 

12 

i 11 

-13 

- -0.20 

Avcra.ge excess in favor 

of the fast lines. . . . 

-0,63 

-0.13 

0.17 

0,20 

0.18 


-0.04 

Per cent of the cxce.ss in 


favor of tlio fast lines 
in teriiis of the total 
for both 

-4,78'( 



2,606' 

|2.94^1; 

1 




- 

1 





l^ig. 15 Curves of variation of tlio lines of Mxin-riirn’iil '1-A (diri’ct selec.fion 
of progeny of second wild individual^. Tli(‘ ordinates give niinibers of lines; the 
abscissae the niuriber of geiKM'afions. The (“ontinuous lino i.s tlu' curve of the 
fast set; the*broken line, the curve of tlie slow set. 

Fig. 16 Polygon of the average niiinher of gcnieration.s per line penthrce-day 
period produced by the fast and slow sets of lines of F.xperiinent k-C (balanced 
selection after conjugation), The continuous line [,s (Ik* curve of the fast set, 
the broken line, the eiirvc' of the slow s(‘t , Th(‘ ordiiKi(<‘s ar(‘ the averages; the 
abscissae, the three-day ])eriods. 


two three-day periods and also that tliore is ;i Jiiarkod deereaso 
>in both the actual and percentage difference. During the last 
three of the three-day peri{)ds the difference was uniformly in 
favor of the sixty fast lines and was remarkably const ajit. 
Figure 16, the polygon of the average number of generations 
produced by each set of sixty lines per day during the consecu- 
tive three-day periods of this experiment, represents this same 
result graphically. 


Figure 17-a and 17-5 give the curves of variation Iroin the 
diverse lines, the former for the first six days, the latter for the 
last nine days. Why the ex-conjugants of the fast selected lines 
should for the first five days be slower than the ex-conjugants 
of the slow selected ones is not clear. Ihit this condition existed 
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only during the period of reorganization after conjugation, when 
the fission rate in all was extremely low. As soon^as the ^nor- 
mah fission rate was resumed, the' balanced-selected set of origi- 




Fig. 17-ff Curves of variation of the lines of Experiment 3-C (balanced selec- 
tion after coiijugatioii) for the first 6 days of the experiment. The continuous 
line is the curve of the fast set; the broken line, the curve of the slow set. The 
ordinates^re the numbers of lines; the abscissae, the number of generations. 

Fig, 17-6 Curves of variation of the lines of Experiment 3-C (balanced selec- 
tion after conjugation). The continuous line is the curve of the fast set; the 
broken line, the curve of the slow set. The ordinates are numbers of lines; the 
abscissae, generations. 


nally fast ex-conjugants at once resumed its place in advance of 
the balanced-selected set of originally slow ex-conjugants and 
continued to divide more rapidly throughout the rest of the 
experiment. 
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-related to that used for the fet 

ments, opposite selection for thirty days produced a lieritablo 
difference of average fission rate, a difference that gradinllv 
mcreased as selection progressed, indicating again tin t T IT t 
of selection on this physiological charactefis^uinut^iv . 
average difference persisted through tiventy-one days Of bat 
aneed selection twenty-nine days of mass culture followed by 
conjugation and then fifteen days of further balanced selection. 

DISCUSSION AND CONCLUSIONS 

1- «""™r‘iant results; tlirough 
selection of individual differences in fission rate it is possible to 
divide a Clone into two divisions differing hereditarily in rate 
0 multiplication. The effects of selection are cumulative; the 
hereditary differences between the two divisions become greater 
the longer selection continues. By reversing . the direction of 
selection the hereditary differences between the sets are reversed. 

Is this effect of selection due to the slow accumulation of 
small variations, or to the chance isolation of mutants differing 
Markedly from the type? The whole character of the results 
indicates strongly that the former is the case, and this indica- 
tion is borne out by careful study of the records. There is no 
sudden change at a definite point, indicating the appearance 
of a mutant. The steady cumulative effect of continued selec- 
tion can not be explained on the mutant theory without giving 
such a meaning to the word mutant as removes any distinction 
between it and ‘slight individual variation.’ It would require 
us to assume the repeated appearance of successi\-ely faster and 
faster mutants in each of the thirty fast selected lines, of suc- 
cessively slower and slower mutants in each of the thirty slow- 
selected lines; a conception which coincides with the view that 
selection operates cumulatively on slight individual variations. 
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Woodruff and Erdmann f 14) show that in Paramecium during 
vegetative reproduction there are periodical reorganizations of 
the nucleus, the vegetative inacronucleus being replaced by a 
new portion of the reserve micronucleus. It has been suggested 
that this new macronucleus may give an altered hereditary con- 
stitution, so that at each reorganization inherited variations 
may appear. Are the effects of selection herein described based 
on such variations occurring thus at the time of reorganization? 

The relatively short time required for producing inherited 
differences among the progeny of a single individual make it 
improbable that the variations in Stylonychia are to be accounted 
for in this way. As we have seen, marked differences appear 
after ten days of selection, and these are gradually increased in 
the next ten days, and again in the next, and so on. The per- 
centage of difference in proportion to the total average fission 
rate for the 13 consecutive ten-day periods of Experiment 1 are 
5.41, 10.35, 5.58, 7.62, 23.81, 13.69, 19.20, 21.93, 15.19, 24.71, 
26.05, 25.35 and 19.23. These percentages for the three con- 
secutive ten-day periods of Experiment 3 are: 1.99, 4.36 and 
7.10. Now in Paramecium the interval between reorganizations 
is about thirty days. If in Stylonychia the interval is of about 
this length, it would be quite impossible to account on this 
ground for the cumulative effects of selection occurring within 
periods much shorter; selection should sho^v sudden effects imme- 
diately after the reorganization in a given stock, and should then 
be quite without effect during the intervening periods. Nothing 
of this sort appears in the records of the present experiments. 

The main interest of this particular matter lies in its bearing . 
on the question whether variations are definite and limited in 
extent and possible number, as in rigid Mendelian recombina- 
tions of invariable factors; or whether variations may be of 
indefinitely many diverse extents and are not limited by a pre- 
cise numerically definable factorial structure of the germinal 
material. If the nuclear reorganization described by Woodruff 
and Erdmann takes place in a definite way, comparable to the 
known reductions and recombinations in the chromosomal appa- 
ratus at the formation of the germ cells, then this could not be 
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a source of indefTuite and unlimited ^’ariation. After a time the 
possible combinations of factors would he exhausted, and sueli 
constancy would result as Johannsen claims to have found in 
his ^pure lines’ of beans. Evolution thus (‘ould not make ex- 
tended and continuous progress in this way. if on the other 
hand the nuclear reorganization oocurs in no precisely flefinahle. 
way^ but with indefinite and unlimited vaviations, tlicn this 
apparatus, shows precisely the characteristics held to be common 
to organisms by those who believe in continued evolutionary 
progress through the accumulation of such indefuiite and un- 
limited variations. Some material basis for such variations 
would have to be assumed; the nucleus might furnish this as well 
as any other portion of the organism. Ihit, as we have seen, 
the present evidence does not favor the idea that the h(M'(‘ditary 
variations in Stylonychia arc dependent at all on these nuclear 
reorganizations. 

Our main result, that during vegetative rei>roduction among 
the progeny o^* a single individual selection of small variations 
produces cumulative hereditary effects, is in marked contrast 
with the results of most investigators, who, following Johannsen 
(^03, ’09, ’ll), have found that ^pure lines’ or 'clones’ are heredi- 
ta.rily constant under selection. Johannsen’?^ results were ob- 
tained with self-fertilized lines of beans. Similar ineffectiveness ' 
of selection has been found by Hanel (’08') and Lashlcy (’15) 
as to the number of tentacles in Hydra multi])ly l>y budding, 
by Jennings (’08, ’09, ’10) for size in infusoria; by Parber (’07) 
(in the main), and by Winslow and AValker (’09), in bacteria; 
by East (’10) in the vegetative reproduction of the potato, by 
Agar (’13 and ’14) in Cladocera and aphids mult iplying partheno- 
genetically; and by various other investigators on diverse organ- 
isms. Some discordant results have been recorded, but most 
of these are ill-defined or uncertain; it is mainly in bacteria, with 
their immense difficulties for precise technique in pedigree work, 
that> heritable variations or modifications have been described. 
The immense preponderance of evidence has been that in uni- 
parental reproduction heritable variations do not occur (save as 
rare mutations of marked character), and that selection of slight 

TaE JOUSNAt.' Of EXPflUMEXTAf. ZOOLOUV, VOE. 19 , NO. 4 
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individual variations is without effect in altering the hereditary 
characteristics. 

How are we to account for the discrepancy between the 
present results, and those just mentioned? In Stylonychia we 
are dealing with an organism which is large enough to be easily 
handledland followed individually, so that no question can arise 
as to the purity t of the pedigrees (as sometimes occurs with 
reference to Bacteria). In this organism the facts as to the 
cumulative effect of selection arc clear. 

We are of course dealing with a delicate physiological charac- 
teristic, and this is perhaps more readily varied (even heredi- 
tarily) than the characters examined by most otI\pr investigators. 
Further, it is perhaps true that hereditary changes are more 
easily brought about in the Protozoa than in the more complex 
organisms, for in Protozoa the ^apparatus of heredity^ is in close 
chemical contact with all the somatoplasm. 

But a certain feature of the experimental procedure in the 
present case may have more importance than these conjectural 
considerations. It has been possible in my work to make a 
much greater nmnber of actual selections (where plus and minus 
cases were both present to choose from), than in most of the 
work that has g^^en negative results. And it has been found 
that few selections give very slight results, and that a great 
nmnber are required to give any marke3 differences between 
the sets. Thus, in my main experiment, on the average 39.86 
plus selections w^re made in the fast-selected lines; 34.36 minus 
selections in the slow-selected lines. The difference between the 
two sets was thus tlio equivalent of some 74 selections extend- 
ing through an average of 150 generations. This resulted in 
the production of a constant average difference per line of 0.42 
of one fission per day. 

Contrast with this great number of selections the six made 
by Johannseii in obtaining his negative results with beans, the 
three or four made by East with potatoes, the two made by 
Winslow and AValker with bacteria, and similar small numbers 
made by most other investigators along these lines; even indeed 
the selection through fifteen generations made by Agar, in 
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Cladocera. It appears not at all inconceivable that in th(‘se 
organisms an equal number of selections, covering as groat a 
number of generations as were made in Siyl()ny{*)na, would )ia vf‘ 
given similar heritable effects. What all the woi’k shows land 
here my own is not in positive disagrocniout) is that hcritablt' 
variations of considerable extent do not occur so irn<|uAitly as 
was at one time sup})Osed, so that a few selectibns arc nol s\dli- 
dent for establishing a definite positive effect. Uut negalive 
results from a few selections are not suflieient for dis])roving tin' 
occurrence of heritable small variations which may be gradually 
accumulated. This indeed has been adniitt(‘d l)y many ol those 
that have obtained negative results: thus Johaimsen renuirlvi'd 
that ‘‘there is the possibility that a selection of lluctuaiing \'ari- 
antSj during veiy many generations, might divert the t\])e of 
a line’’ COS, p. 62) ; Jennings says “ what the p\uv line work shows 
(agreeing in this with other lines of evidence) is that the changvs 
on which selection may act are few and far between mstc^ad ot 
abundant ..." (TO, ]>. 144), and Ihist states thaf “as 
a result of these experiments T would not go so far as to say that, 
variations in power of resisting physiological or Inngm diMUMs 
do not occur in asexual reprodiietioii, but I do believe that th(‘ 
relative possibility that the commercial gi'owcr will obtain dis- 
ease-resisting varieticjj|in this way is negligible ^ ( 10,^ P- 

As a result of this work upon Stylonychia it is jiossibh'. to^ 
substitute for such indefinite remarks, precise data as to the. 
occurrence of heritable variations and their accumulation tlirougli 
selection, when sutficiently long coiitinucd And this can lianUy 
fail to have influence on the conceiition of the hereditary con- 
stitution or genotype as a fixed thing, changing only discontinm 
ously by marked steps or luutation.s, that do not mtm’giado. 


SUMM.tRY 

In Stylonychia pustulata, by the opposite selection through 
more than 150 generations of small individual variations occur- 
ring among the progeny of a single iiidividual, 
produce two sets differing hereditarily m rate ol fission. Dun g 
Lection there was a gradual increase in the average heritable 
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difference between the two sets, showing that the effect of selec- 
tion was cumulative. 

This result was, at various intervals, subjected to the most 
rigid tests possible, by balanced selection throughout long periods; 
by mass culture without selection, and by reversed selection. 
In eveft^ case the results were corroborated. The hereditary 
differences induced continued through periods of balanced selec- 
tion lasting longer than the periods of direct selection by which 
they were induced; they did not disappear save under the effects 
of reversed selection. 

These results were first reached with the progeny of a single 
individual multiplying asexually. They were then confirmed by 
beginning anew with a single individual from among this set 
and obtaining the same results among its progeny. A third set, 
derived from a wild individual quite unrelated to the first two 
series, gave the same results. In this third series conjugation' 
occurred within each of the diverse sets produced through selec- 
tion, and it was found that the hereditary differences persisted 
through and after conjugation. 

Thus in Stylonychia, from a single clone of given genotype it 
is possible to obtain through long continued selection during 
reproduction by‘ fission, two sets (clones?) of diverse genotype, 
differing characteristically from each ol^er in rate of fission, 
under identical conditions; and retaining these differences from 
generation to generation. The selection of small variation^, 
such as appear within t^e ^pure strain^ or clone, is then an effec- 
tive evolutionary procedure. 

LITERATURE CITED 

Agar, W. E. 1913 The transmission of environmental effects from parent to 
offspring in Simocephalus vetulus, • Phil. Trans., London, Series B, 
V. 203, pp. 319-350. 

1914 Experiments on Inheritance in Parthenogenesis. Phil. Trans., 
London, Series B, v. 205, pp. 421-489. 

Bauber, M. a. 1907 On heredity in certain micro-organisms. Kansas Ti'ni- 
versity Science Bull., v. 4, no. 1, 48 pp. 

Calkixs, G. X. 1902 Studies on the life-history of Protozoa. 1. The life-cycle 
of Paramecium caudatum. Arch. f. Entwicklungsmechanik der Org., 
V. 15, pp. 139-186. 



FISSIOX rate of STYLOWCHIA Pr!=^TrLATA o03 


Calkins, G. N., and (jRKconv, Louisk ]E 1!}];] Variation in tlio projiony of 
a singlfi exoonjugant of Pai';unc<'iutii (" 01 ( 111 ( 11111 . Jour. ICxp. Zoid., 

V. lo, pp, 4fi/’-o25. 

East, E, M. 1910 The transniis.'^ion of variations in (he potato in n.'^cxiial 
reproduction. Conn. Kxp. Station Kept., pp. ilP-lhO. 

HaneLjElise 1908 VcrerbungbciungcschlechtliiTi'r l'or1p})an/.ung von Hydra 
grisca. Jenaisohc Zoitsohrift, v. 42. ]>p. 821-872. 

Jenningp, II. S. 1908 Heredity, variation and evolnlitm in I'rotozoa. 11. 
Proceedings of the Amor. Piiil. Soc.. v. -17, pp. T.Ki .Md. 

1909 Heredity and v.arlation in the simplest organisms, .\iiier, Xat., 
V. 43, pp, 321-337. 

1910 Experirneri tal o.videiu'e on tlie eOeet iveness oi selection. .Irru'r. 
]Vat., vol. 44, pp. 130-1-1.”). 

1913 Tlie p/Teet of conjugation in Paraioecinin. Jour. Kxit. ZoOl., 


V. 14, pp. 279--39I , 

JoHANNSENjW. 1903 Cbcr l^rbliclikeit in Vopiibitioueti uml iu reined binitm, 
Jena, 68 i>p. 

190D Elemento dcr exakteri EiTfichkeitsh'ltre, Jmia, .'>16 pp. 

1911 The genotype conceinioii of In'rodilv. .\nipr. Nat., v- 4.1, p)). 
129-159. 

L.ashley, K. S. ‘ 1915 Inheritaiu'o in the asexual reptmluctioji of Hydn. Jour. 
Exp. vol. 19, p)). 157 210. 

\Utjpas, E. 18S8 Hecherche.s (.'NptTimentah's sur la muKipbcat ton des nifu- 
soires cilics. Arch, dt; Zotd. hjxpi'r. (;l (icn., (2) 1 . <>, pp. 11)5 2/ (. 
1889 Le rajeunissernent karyogamique cbez l<‘s ('dies, Arch, de 
Zool, Exper., et Gen., (2) T. 7, pj). 149 517. 

Peebles, F, 1912 Regeneration and regulalioit in Iktraim'cium eatid.-ituin. 


Biol. Bull., V. 23, pp. 154-170. . , r 

WiNSMW C. E, .v.-and Walkuk, L. T. 1'J0« .\ <>1 non-inl,rnln.,rc ol 

fluctuating varigions in bactci'in. Jnnn,, I.ifcct. i)i«'a«'s, v. (>, m'- 

W 0 OUKCiFFrL.'E. 1»05 .\n napcrinun.lal atu.ly nn tl,c I,tn biaInpM.t llypu- 

trichous Infusoria. .Tourna) Exp. /^onl., v. i)p. o^o (,.5.. ^ 

1912 A five-year pedigree race, of Iktramecium wiUtoiit conjugation. 
Proc. Soc. Exp- Biol, and Med., vol. 9, pp. . 

Yir T T Vrdmxsa- H 1914 .1 uoirual pttriodie reorganization 

Woodruff, L. 3^. and 4. RDM NX, u. i ^ 

process without cell fusion in Paramecuni. Join. l.xp. Zoo.., v. ]/, 
pp. 42o-ol6. 




VARIATION IN HEAD LENGTH OF SPERMATOZOA IX 
SEVEN ADDITIONAL SPINTES OF INSIN’TS' 

CHAKLES ZraENV and C. T. SI- NAY 

EIGHT FIGL’RES 

A sftidy of variation in head len^dh anioii^ sj)onnatozna from 
single testes in fifteen species of animals from widely separalial 
groups was made by the senior author and Ih (\ Faust (’loa 
and b). The frequency distribution of the size groups in ;i great 
majority of the eases showed liimodalitv of such a character as 
to make it highly probable that in tlies{* sjXHues the spermaiozoa 
are dimorphic as regards size. Furthermore' it was sliowii to 
be highly probable that this dimorphism is the result of chromo- 
somal differences. There is a close agreement Ix'twoen the ratio 
in the two groups as calculated cm this hypothesis and llu'acdual 
ratio determined by .measiircmcTit. 

These chromosomal differences as has now Ixmui almnclaiiMy 
demonstrated are related to sex determination and the size' groups 
must be similarly related, fertilization of the c^ggs by spc'iamito- 
zoa of ther upper group yielding females and by those of the 
Jower group, males. A probability is thus opened for (‘ontrolling 
sex as soon as living spermatozoa of the two sizes can be ('xjieri- 
mentally separated. 

In view of the importance of the question of existence of two 
size groups and in further preparation for thc^ experimental 
tests, measurements were made for se\'en additional spc'cies and 
these are described in the present paper. 

Together with those formerly described twcuity-two spec^ms 
are now available for drawing a general conclusiom This num- 
ber includes all that have been measured, with two (exceptions. 
These two are Helodriliis, a hermaphroditic form, and the 

iContrib’utiou from the Zoological Laboratory of the University of Illinois 
No. 49. 
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Plymouth Rock Fowl concerning which there is a controversy on 
the cytological side. They are not included because they have 
a special interest not connected with our main hypothesis and 
because it is desirable to make at least one more series of meas- 
iirem^ts in each species before publishing the data. Emphasis 
is laid on the fact that all sets of measurements are published, 
because biinodal distributions may appear occasionally as a" 
.matter of chance in a uniform population. The frequency of 
their occurrence is therefore all-important. • 

The details of preparation of material and the method of 
measurement are in all respects similar to those described by 
Zeleny and Faust (T5 a) except that fixation was in all cases 
in osmic fumes and staining in haematoxylin. The authors are 
indebted to Mr. C. A. Hart for identification of the species. 

DATA 

1. Coriztis laierahis, a hemipteran. The material was obtained 
, at the end of March and gave an abundance of active spennato- 
zoa. Two sets of measurements, each of 500 spermatozoa, were 
made. As shown in figures 1 and 2 the. two determinations 
agree closely. Each shows a pronounced bimodal curve with 
modes at 27 A n and 29.5 /z, giving a ratio of 1.00 : 1.09. The 
intermodal depression is deep and wide and the two elements. 
of the curve are approximately equal as regards number of indi- 
viduals. There seems to be no doubt of the existence of two^ 
distinct size groups with equal numbers of spermatozoa. 

The chromosoimtl history was worked out by Alontgomery 
(’06). He describes two kinds of spermatids, one with. six and 
the other with seven chromosomes. Two sizii groups are there- 
fore to be expected but the drawings given by Alontgomery 
are not large enough to enable one to make a calculation of the 
chromatin ratio. In Anasa tristis, another member of the Family 
Corcidac, the expected ratio is 1.00 : 1.11. 

2. Leptocoris triiittatus, a hemipteran. The material w^as ob- 
tained in early March and gave an abundance of active sper- 
matozoa. Nine hundred and eighty-four measurements were 
made. The frequency distribution as shown in figure 3 is some- 
what irregular but there are two principal modes, one at 25.4 ^ 
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and the other at 27.8 gi\-iiig a ratio of 1 ,00 ; 1 .0!). 'I'ho majority 
of the individuals are grouped around the Idgher mode. If these 
modes can be considered as related to the sex <dimniosomes the 
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group containing the fenmle-dotennining spennatozoa exco(‘(ls 
the other in numbers. On the basis of the rytological evidence 
we should expect the two groups to he but there is ti great 
deal of evidence, in both cytological and experimental data to 
indicate that one kind is often more numerous Ilian tiie other. 

E. B. Wilson (’06) has described two kinds of spermatids for 
this species, one containing six an(|,the other seven chromosomes. 
In the absence of figures it is not possible to determine an ex- 
pected ratio. Since this species also is a ('oreid, tno ratio ol 
1.00 : 1.11 determined from the chromosomes of Anasa. is of 
interest. It agrees fairly closely with llu* measurmiieids ol lu’ail- 
lengths in this as Avell as in the last specie's. 

3. Rmuviolus ferns, a hcnu[)tcran. The material was (*oll(‘ct(Ml 
during March and gave actui' spermatozoa. The n'suUs ol the 
five hundred measurements arc gi\Tn in ligurt' 4. ) lu' In*- 

Fig. 3 Leptor-oris trivittaUis; frefpirnc.v d'st ribiil mn of luvui-loiiKllis of '.IS) 


spermatozoa from a 

, single t<;stis. 


224) 

22,3 22 7 23 4) 


Value in 

2(1. 0 21.3 

21.5 


Fretjuency 

1 2 

3 

5 

(1 13 IS 

23 2.1 


21(1 24.4 

24.7 

25 4) 

25.1 257 25.1 

2(;.4 25,7 


25 2S 

30 

41 

.43 37 31 

3S 40 


27.1 274 

27. S 

2.S . 1 

2S 4 2S N 20.1 

20.5 21). S 


41 50 

50 

51 

15 41 30 

3S 40 


30.1 30,5 

30.0 

31 .2 

3l,(i 31.1) 32 41 

32.5 33.11 


31 24 

20 

15 

12 11 

i 


Fig. 4 Ecduvioliis ferus; frequency distribalioM of hoaa-lN,gt[..s of 500 s))or- 

matozoa from a single testi^ ^ ^ ^ ^ -vf 201 20.1 

; V'o'*5‘'l2 10 25 30 35 

Frequency 



‘4) 7 : 

'7 1 

27.4 

27.8 

28.1 

28 4 

28. S 29 1 

29.5 


36 

49 

55 

4.5 

33 

27 

35 22 

18 


21) .s ; 

10. 1 

30 .5 

.30,9 

31.2 

31.5 

31.9 32 3 

32.5 


IS 

10 

9 

S 

7 


4 2 

V 

Fig. 0 Kuschistus 

variolai'ius 

; frequency 

distribution 

of liead'lengths « 

[)f .500 

.spermatozoa from a single testis 

13 4 

13 7 

14.1 

14.4 

14.7 

15,1 155 

15.8 

Value m mir.rons 


U) 

20 

21 

24 

45 

50 39 

38 

Freqiienfjy 

10 1 

5S 

16.5 

1(3.8 

17.2 

17. 5 

17.9 

IS. 2 18. .5 



S4 

38 

12 

T 

5 

5 3 




510 


CHARLES ZELENY AND C. T. SENAY 


quency distribution gives a major mod(i at 27.4 ]i and a mi^jor 
one at 28.8 /x. The minor mode may be accidental though such 
an irregularity is not common in frequency distributions in a 
population known to be homogeneous. 

There are no data available concerning the spermatogenesis 
of this species but Montgomery (’08) has described two kinds 
of spermatids for other meml^rs of the family. 

4. Euschisius variolarim, a hemipteran. Material was ob- 
tained during April. All the spermatozoa were not fully devel- 
oped and selection was necessary to insure the exclusion' of the 
unripe ones. Five hundred measurements were made. The re- 
sulting curve as shown in figure 5 is distinctly bimo^l with 
modes at 15.1 /x and 16.5 ju and with an inequality favoring the 
larger spermatozoa. The ratio beAveen the modes is 1.00 : 1.09, 

E. B. Wilson (’06) described an and a ''Y’’ chromosome 
for this species. The expected ratio as approximated from his 
figures of the chromosomes is 1.00 : 1.04. This does not agree 
at all well with the ratio between the modes as given above. 
This result is contrary to that obtained for several species by 
Zeleny and Faust (T5) which showed a striking similarity be- 
tween the two calculations. 

5. Cosmopepla carnifex, a hemipteran. The material was ob- 
tained in AJay arid the spermatozoa were all active. Five hun- 
dred measurements^ wore made. The resulting curve as given 
ill figure 6 shows well marked bimodality with approximate 
equality in the two groups. The modes are at 18.5 p and 19.9 n* 
and give^ ratio of 1.00 : 1.075. There can be no doubt in this 
case of the existence of two fairh^ equal size groups. 

Montgomery (’06) describes two kinds of spermatids for this 
species, one with seven chromosomes ]3lus an ‘‘X’’ and the other 
with seven plus a ‘‘Y.” The figures are not suitable for the 
determination of the chromatin ratio. The ratio in another 
Pentatomid, Euschistus variolarius, is 1.00 ; 1.04. 

6. Passahis cornuius, a coleopteraii. Material was obtained 
at the end of Alarch and the spermatozoa were uniformly ripe 
and active. Five hundred spermatozoa were measured. Neglect- 
ing the minor projection at the right, the curve as given in figure 
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7 unimodal with the mode at 11.7 This iudiratcs either a 
single group or two so close togotlier as to give a uiiiinodal result 
(see Zeleny and Faust To a, p. 193). 

There are no published spennatogenesis data for tins specii‘s. 
Descriptions for different species of licet les sliow in all cases, 
except one, two groups as regards chroinatiu ctinlent. I. caving 
out the possibilities of random sai)^pling and of selective elimina- 
tion within the two groups the ])resent species seems ti) be either 
without distinction among its spermatozoa or else 1ms two grou[>s 
differing but slightly from each other. 

7. Berosus striatus, a coleopleram The material was obtaine<l 
in earlu April ami the spermatozoa w<'r(‘ all ami activ(\ 
The fr^uency distribution of the li\'e hundred measunanents 
is givon in figure 8- The cur\% is distinctly bimodal with appi oxi- 
mate equality in the two groups. Tlu' modes are at \\jA n aiid 
17.2 /I with a ratio of 1.00 : 1.07. 

There are no cytologlcal data for this species but as was stated 
in discussing tlie last form the d(‘scriptions for all but one species 
of beetles give two kinds of chromosome groups among the 
spennatids. 

ILISCUSSION 


The present data as a Vhok; substantiate the view that di- 
•morphism in size of spermatozoa is of eoipmon oeetirrenee n. 
those groups of animals in which two eliromosomal elassos ot 
spermatids are of common occurrenec. Of the seven species 
described five are hemipterans and two coleopterans.. In bo i 
of these orders a great majority of the species so far studied show 
a quantitative difference in eliromosomal content among the 
spermatids though in each case there are some species which 
show no difference or only a slight one.^ ^ , . , , 

Among the five hemipterans three, C onzus lateialus, . . ■ 
v.ri.l.r„ »<l C.™.op>1>h »■"»«, >l.». »» '«« W 
size groups. The other two species are not so clear. One, 
Leptocori! trivittatus, is probably dimorphic though the curv 
i. itreiuto. The other, Ecthiviolo. fen», » Joubllol ta™>e 

fc «pp« ."»l. » “>* "“>■ 
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a unimodal distribution. It should not^ however, be forgotten 
that the two elements of a population will, when combined, give 
a unimodal curve in case the modes of the elements are close 
together. 

Among the coleopterans one, Berosus striatus, has two well 
marked and equal size groups. The other, Passalus cornutus, 
has a single size group or twp with' modes very close together. 

Taking all cases so far described there are twenty-thre(| spe- 
cies involved, including the one given by Wodscdalek (T3). 
This is a sufficient sample to justify us in stating that there can 
be no doubt of the validity of the hypothesis presented. The 
chromosomal dimorphism of spermatogenesis is repres^ited in 
the active functional spermatozoa by size dimorphism. Control 
of sex then merely awaits our abifity to separate the two sizes* 
in the living condition and to use them in artificial insemination. 


Fig. () Cosniopepla (Mniifox; fnapiency distribution of hoad-leiigths of 500 


spermatozoa from a single testis. 
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Fig. 8 Herosus .striatus; frequency 

distribut ion of hoad-ieng-th.s of 500 sper- 

matozoa from a single testis. 
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THE EFFECT OF SELECTION UPON THE ‘ILVIl EYE’ 
MUTANT OF DROSOPHILA^ 

CHAKLES ZELEA'Y and E. W. MATTOON 

FIVK FIGURES 

The selection experiment described in the present ])aper was 
made with a view to testing the gcnninal imifornuty as regards 
the distinguishing characteristic in a recent mutant, the ‘bar 
eye’ race of Drosophila. In this race the ommatidia are rcdiice^l 
in number and the facets are restricted to a vertical band or 
‘bar’ as shown in figure 1 . The characteristic appeared in a 
single male during 1913 (Tice, T4)- and the whole ‘bar eye’ 
stock is descended from this individual. The race has under- 
gone no apparent change during the two years of its existence. 
Our material was obtained in January 1914 through the kind- 
ness of Prof. T. H. Morgan. 

There is a pronounced sexual dimorphism in the number of 
facets, the males averaging 98.03 and the fiunales 05.00. J/i 
every case in the present paper the female miml)er is transformed 

.... -.1 t 

to the male basis by multiplying it by = l.oi. 

‘ There is often a slight difference betwc(m the number of facets 
in the right and that in the left eye. For one huTulred indi- 
viduals the average difference was 0.245 per cent in fayir of the 
left eye. This difference is obviously not significant. Odie right 
eye only is given in the present records. 

The number of facets seems not to vary with the lengtii of 
the period of development. In five broods counts were made 
of the facets of the earlier emerging individuals and compared 

1 Contribution from the Zoological Laboratory of the University of llhnoiB 

* Tice, S. A. 1914. A new sex-linke<i character in Drosophila. Jiiological 
Bulletin ’vol. 26, pp. 221 to 230. 
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with those of the later emerging ones. The averages for the 
two#re approximately equal. 

A sample of five hundred individuals, 250 males and 250 
females, taken from the general population of the mutant showed 
a range of variation in the number of facets from 45 to 182 with 



Fig. 1 A. Nonnal full e 5 'e of Drosophila. B. ‘Bar' eye. The dark areas are 
the faceted regions. 



Fig. 2 Variation of facet number in the unselected population of the, ‘bar' 
eye mutant of Drosophila arapelophila. Five hundred individuals are repre- 
sented, two hundred and fifty males and two hundred and fifty females reduced 
to the male level . 


a mean of 98.03 ±0.73 and a standard deviation of ± 24.30. 
The variation curve is shown in figure 2. The average for ten 
individuals of the normal wild race was 701.1 facets. 

Unselected stock was carried as a control through the period 
of the experiment. There was practically np change in the 
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number of facets, the average of 250 iiulividuals at the beginning 
of the experiment being 98.04 and of the same number%t the 
end of the experiment 98.03. There is thus no change in facet 
number in the absence of selection. 

In making the first selection, food containing eggs and larvae 
was removed from the culture of the ‘bar eye' stock and })laced 
in glass vials. Every twelve hours the indi\ddiials, which had 
emerged from the pupal cases were slightly etherized and an 
estimate was made of the number of facets under the low power 
of the microscope. M^lesi and females noth high or low numbers 
were selected out, high being mated with high and low with low. 
Each pair was placed in a small bottle rvitli suificient food to 
last until all the olTspring of the first brood had readied the 
adult stage. Wlien larvae began to appear in the bottle the 
parents were killed by etherization and an exact count was made 
of the facets. As the offspring emerged in the adult form esti- 
mates of facet number were again made and high selections 
were made in the ‘high’ lines and low selections in the ‘low’ lines. 
The final exact facet counts were in all cases made in killed 


individuals. r ^ i + 

The experiment has proceeded far enough so that data are 
complete for three successive selections in each of three ‘high 
lines, called A, B, and C, and in each of three ‘low’ lines, called 
D E and F. Fifty individuals, 25 males and 25 females from 
a kngle pair, were measured for each generation in each ofthe 
lines, with the exception of the third generation in line B where 


only forty-sbc were available. ^ i + r 

The data for the individual lines are given in tables 1 to b 
and a summary of the six lines is given in table 7. 'h 

4 and 5 give in graphic form the course of the selections, each 
figure combining a ‘high’ with a ‘low’ selection line Ihe mean 
values, the extreme variates and the mid-parental va ues 
here represented in diagraminatic form for each of the 

In all cases there is a significant shifting of the mean as a 
result of selection. The general population mean of 98. _ 

changed in plus line A to 108.7 by the first selection, to 12T5 . 
by tL second and to 135.5 by the third. In plus line B the 
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1 

Plus selection 


Line A 


ORNKHAL POPULATION 

GENERATION 1 

generation 2 

QENEHATION 3 

A 

|8 

•Si 

s ' 
s 

Reduced 

females 

Males 

Reduced 

females 

Parents 

127 

133 

179 ' 

169 

177 

195 

Mid“parental values 

130 

174 

186 

Offspring ' 

1 , 

1 69 

84 

89 

92 

1 95 



’ 71 

88 

91 

93 

97 



74 

90 

94 

98 

i 103 



76 

95 

97 

98 

109 



83 

95 

100 

103 

115 



88 

97 

103 

107 

119 



89 

98 

no 

108 

124 



91 

99 

110 

109 

127 



94 

99 

112 

117 

127 



100 

102 

113 

117 

131 



101 

103 

115 

118 

' 131 



106 

118 

119 

126 

134 



106 

124 

122 

126 

136 



107 

125 

125 

135 

137 



110 

125 

133 

139 

137 



115 

130 

134 

140 

142 



IIG 

133 

137 

141 

143 



118 

-142 

139 

142 

151 



128 ' 

147 ^ 

142 

154 

153 



133 

148 

148 

1.59 

157 



148 

176 

153 

167 

16(1 



149 

177 

156 

180 

163 



149 

180 

163 

187 

171 



151 

189 

187 

192 

174 



169 

210 

210 

. 204 

, 186 

Mean of offspring 98.03 =‘= 0.73 

108.7 

± 2.3 

127.5=^3.1 

135,5 ± 2.8 


corresponding figures for the three selections are 110.1, 128.6 
and 141.9, and in plus line C, 116.9, 133.5 and 141.0. In minus 
line D the general population mean of 98.0 is changed to 88.3 
by the first selection, to 85.5 by the second and to 81.7 by the 
third. In minus line E the corresponding figures for the three 
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TABLE 2 
F/t/S 

Lino B 



UKN'KH.^nO.N 1 

iKNPK.MInx 2 

jkxkhaTkis 3 

OENEflAL rOPfLATlOV 

1 ^ 

1 5 

■fe 

|l 

p"! 

nf 

$ 1 

|8 

II 

Parents 

130 1 

121 1 

1S4 ! 

105 

1 

182 1 

222 

Mid-parental values 

130 

174 

,5 

20 

- 

Offspring 

08 

57 

Sftl 

76 

06 

SO 


71 

76 

00 

TO 

00 

05 


75 

SO 

02 

05 

100 

104 


70 

85 

03 

lOl 

102 

no 


SO 

85 

05 

103 

US 

ns 


82 

SO 

07 

107 

121 

122 


80 

01 

00 

no 

123 

124 


00 

01 

101 

III 

124 

124 


05 

05 

lOS 

113 

12S 

131 


OS 

05 

ns 

no 

130 

136 


OS 

07 

122 

127 

130 

137 


100 

100 


131 

141 

137 


102 

100 

120 

134 

145 

14S 


104 

lOS 

127 

137 

147 

154 


105 

ns 

132 

137 

154 

150 


ION 

124 

137 

130 

150 

150 


112 

125 

140 

143 

15S 

103 


115 

12H 

144 

145 

100 

lOf) 


131 

131 

)44 

148 

100 

100 


133 

133 

100 

140 

172 

100 


145 

137 

100 

157 

175 

175 


147 

145 

171 

163 

107 

ISO 


loG 

I4S 

172 

175 

207 

207 


1 167 

140 

182 

201 




! 184 

105 

1S3 

j 

222 




Mean of offspring 98 03 ± O.r 

sj 110.1 2." 

'I 128.6 ± 3. 

>1 141 ,9 ±2.0 


selections are 93.9, 89,6 and 84,8 and in minus line F, 94,0, 89.8 

mult of the three minus and the three plus selections the 
mean value of the individuals in the plus lines p9.o) is greater 
Than the highest extreme individual of the three minus lines 
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TABLE 3 
Plus selection 


Line C 


general popclation 

GENERATION 1 

GENERATION 2 

oenbhation 3 

Males 

Reduced 

females 

Males 

Reduced 

females 

Males 

S'® , 

■si 

PS- 

Parents 

178 

157 

208 

159 

194 

198 

Mid^parental values 

167.5 

183.5 

196 

Offspring 

82 

63 

67 

79 

95 

97 


8o 

71 

93 

88 

98 

100 


86 

85 

94 

9r 

100 

106 


90 

89 

97 

98 

108 

107 


, 93 

101- 

99 

101 

109 

116 


96 

103 

100 

110 

118 

127 


97 

106 

101 

: 115 

119 

127 


1 99 

* 106 

102 

118 

120 

130 


100 

107 i 

105 

118 

120 

130 


101 

112 i 

105 

121 

121 

131 


103 

113 

113 

122 ; 

127 

137 


112 

121 

118 

124 

134 

137 


117 

121 

133 

127 ■ 

139 I 

139 


118 

124 

135 

130 

142 

140 


121 

128 

140 

137 

143 

143 


122 

130 

140 

149 

151 

146 


123 

131 

141 

153 

158 

149 


124 

133 

154 

153 

162 

157 


126 

134 

160 

165 

163 

162 


126 

136 

168 

174 

165 

163 


131 

142 

169 

174 

■166 

165 , 


146 

151 

177 

177 

177 

172 


147 

152 

189 

180 

182 

180 


17G 

159 

193 

186 

187 

181 


208 

163 

194 

198 

213 

.205 

Mean of offspring 98.03 * 0.73 

110.9 =t 2.6 

133.5 

± 3.3 

141.0 ± 2.8 


(137.0) and the mean of the three minus lines (83.7) is lower 
than the lowest extreme individual of the three plus lines (89.0). 

The coefficients of variability as given in table 7 show on the 
average a slight decrease in the selected stock as compared with 
the general unselected population. This difference however can- 
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TABLE 4 
Mums selection 


Line D 



GENERATION 1 

liKNE RATION 2 

OENEIUTION 3 

GENE HAL POPULATION 

Males 

'a « 

s’* 

o i 

£ 

YS 

l1 

ilfklea 

Y8 

n 

Parents 

32 

60 1 

69 

71 

03 1 

5S 

Mid-parcntal values 

5G 

70 


60. 

5 

Offspring 

44 

56 

49 

.56 

48 

36 


6,3 

62 

34 

38 

51 

30 


07 

63 

63 

,59 

36 

53 


69 

66 

66 

GO 

38 

60 


09 

71 

69 

63 

64 

60 


70 

74 

7,5 

69 

66 

60 


74 

74 

73 

7,5 

OS 

62 


7.S 

73 

70 

77 

69 

03 


79 

78 

77 

70 

74 

6.8 


87 

,S2 i 

78 

82 

74 

6.8 


89 

' 82 

78 

■ <85 

7.5 

71 


90 , 

1 83 

84 i 

80 

77 

71 


92 

8.5 

88 

86 

79 

72 


9.3 

91 

.89 

88 

S3 

74 


93 

94 

1 91 

91 

87 

S.8 


9f) 

98 

I 92 

91 

SS 

91 


97 

101 

92 

92 

89 

4)5 


97 

103 

9,5 

92 

92 

9H 


98 

103 

1 99 

94 

07 

104 


ion 

103 

100 

97 

100 

,104 


102 

10() 

102 

100 

100 

!07 


108 

100 

104 

10.3 

103 

115 


: 110 

110 

1U3 

10.3 

104 

115 


11.5 

116 

110 

104 

113 

no 


116 

1 127 

121 

1,33 

1,37 

127 

Mean of offspring 9S.03 ^ 0.7c 

1 88.3 ±1.8 

■ 85.5 

, ± l.S 

81.7 

± 2.1 


-m- 


not be considered as significant because of its irregularity and 
slight amount. 

The progression of the mean is much more rapid in the plus 
than in the minus lines. . The averages for the three plus 
tions give respectively increases of 13.9; IS.O and 9.6. The 
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TABLE 5 
Minus selection 


Line E 


GENERAL POPULATION 

GENKnATION 1 

GENERATION 2 

GENERATION 3 


Reduced 

females 


Reduced 

females 

Males 

Reduced 

females 

Parents 

82 

80 

64 

74 

60 

62 

Mid-parental values 

81 

69 ■ 

61 

Offspring 

53 

50 

50 

51 

46 

57 


64 

68 

58 

59 

58 

60 


69 

72 

60 

62 

59 

60 


71 

74 

65 

66 

61 

63 


74 

74 

68 

. 69 

62 

63 


75 

77 

73 

74 

67 

68 


84 

77 

76 

76 

75 

71 ■ 


85 

83 

79 

76 

77 

72 


86 

86 

82 

80 

78 

72 


87 

88 

83 

83 

80 

77 


88 

89 

86 

85 

80 

77 


91 

91 

87 

89 

84 

80 


92 , 

91 

91 

92 

88 

82 


93 

97 

93 

94 

89 , 

83 


94 

97 

94 

95 

91 : 

88 


: 99 

101 

95 

97 

94 

91 


99 

101 ^ 

, 97 

98 

97 

92 


101 

104 

98 ; 

98 

98 1 

92 


107 

106 

99 j 

101 

99 

97 


108 

107 

' 100 ; 

104 

101 i 

100, 


109 

118 

103 

107 

103 ; 

m. 


117 

121 

103 

109 1 

106 

106 


118 

121 

114 

113 

106 

109 


123 

122 

122 

116 1 

111 

113 


141 

154 

134 

124 

123 

136 

Mean of offspring 98.03 =*= 0.73 

93.9 2.0 

89.6 

1.9 

84.8 

± 1.8 


corresponding decreases in the minus lines are only 5.7, 4.0 and 

4.6. 

Regression toward the mean of the unselected population 
decreases with successive selections. (Table 8.) The average 
regression in the three plus lines is 0.67 for the first selection, 
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TABLE 8 
sdcctio)) 


Line F 


GEN'ESAL rOPULATION 

uEVi;HATloy 1 

i:HNKR^T!OS 2 


1 

1l 

■ 1 

'is 

^■5 
o i 


I s 

II 

Parents . . 

89 

78 

70 

71 

01 

0-1 

Mid-parental values 

S3, 

0 

73. 

5 

02. 

5 

Offspring 

G3 

51 

48 

59 

.58 

47 


03 

57 

54 

00 

m 

-IS 


70 

03 

59 

03 

01 

.53 


71 

65 

61 

04 

0.5 

.50 


73 

08 

07 

09 

07 

m 


75 

71 

71 

71 

74 

02 


75 

72 

S3 

75 

7,S 

06 


1 VO 

83 

80 

SO 

79 

72 


78 

85 

89 

SO 

80 

74 


79 

80 

89 

so 

82 

74 


84 

88 

90 

82 

KS 

79 


87 

92 

91 

89 

89 

SO 


88 

94 

9] 

91 

89 

S3 


92 

95 

92 

92 i 

89 

88 


Of) 

100 

95 

95 

90 

89 


90 

104 

95 

97 

92 

91 


98 

107 

97 

98 

94 

91 


100 

109 

99 

100 

95 

92 


102 

115 

102 

103 

98 

94 


103 

118 

100 

104 

99 

95 


104 

ns 

107 

104 

101 

100 


107 

121 

108 

109 

104 

107 


no 

125 

no 

112 

no 

110 


119 

128 

112 

no 

in 

1,30 

* 

1,59 

151 

143 

122 

114 

,:»7 

Mean of offspring 1)8.03 ^0.7^ 

1 94.6 

± 2.2 

I 89,0 

-t 1,9 

84.7 

1.9 


0.60 for the second and 0.57 for the third. For the minus lines 
the corresponding figures are 0.77, O.Gd and 0.60. On the other 
hand regression toward the mean of the parental generation 
increases with successive selections. (Table 9.) 1 he average 
regression in this respect in the plus lines is 0.67 for the first 
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TABLE 7 


Summary of tables 1 to 6 



PXRE.VTS 

OFfSPRlXG 

Mean 

number of 
facets 

Mean number 
of face! B 

Standard 

devi^ion 

Coefficient 

of 

variation 

Extreme 

variates 

Number 

of 

individuaU 

high 

low 

General 








population . . 

08.03 

! 08.03=^.731 

24,3 

24.8 

182 

45 

500 

Line A. 





• 



Gen. 1 

130.00 

1 108.70^2.3 

24.6 

22,6 

179 

69 

50 

Gen. 2 

174.00 

127.50=^3.1 

32.9 

25.8 

210 

84 

50 

Gen.‘3..j... 

186.00 

135.50=^2,8 

' 28.9 

21:3 

204 

92 

50 

Line B 








Gen. 1 1 

^ 130.00 

110.10=^2.7 

28.8 ■ 

26.2 

184 

75 

50 

Gen .2 

' 174.50 

128.60=1=3.2 

33.4 

26.0 

1 222 

79 

50 

Gen. 3 

202.00 

141.90±2.9 

29.1 

20,4 

207 

89 

46 

Line C 1 








Gen. 1 

167.50 ; 

115.90=1=2.6 

27.0 

1 23.1 

208 

63 

' 50 

Gen. 2. . . . i 

1 183.50 

133.50=t3.3 

34.3 

25.7 

198 

67- 

50 

Gen. 3 

196,00 

141.00=^2.8 

29.3 

1 20.8 

213 

95 

1 50 

Line D 

i 







Gen. 1 

56.00 

88.30±1.8, 

18.4 

20.9 

127 

44, 1 

i 50 

Gen. 2 

70.00 

8.5.50^1.8’ 

18.9 

22.1 

133 

49 

50 

Gen. 3 

60.50 i 

81,70=1=2,1 

22.3 i 

27.3 1 

■ 137 

36 1 

50 

Line E 








Gen. 1. .. .. 

81.00 : 

93.90=^2.0 

20.9 

22.3 i 

154 

50 

50 

Gen. 2 

69.00 

89.60±1.9 

20.1 

22.^ 

134 . 

50 

. 50 

Gen. 3 

61.00 

84.80=1=1.8 

18.9 

22,3 

136 

46 

,50 

Line F 








Gen. 1 

83.50 

94.60 *2.2 

22.9 

24.2 

159 

51 

50 

Gen. 2 

73.50 

89.80*1.9 

20.3 

22,6 

143 

48 

50 

Gen. 3 

62.50 

84,70*1.9 

20.3 

24.0 

137 

47 

50 


l AIiLE S 


Regression toward the mean of the unselectcd popuiaiion 



PLUS SELECTIO.NS 

MINUS SEueCTIONS 

Line A 

LiceB 

Line C 

1 'Aver- 
age 

Line D 

LineE 

Line F 

Aver- 

age 

Selection 1 

0.67 

0,62 1 

0 ,'73 

0.67 

0.77 

0.76 

0.77 

0.77 

Selection 2 

0.62 

0.60 

0.58 

0.60 

0.55 

0.71 1 

0.66 

0.64 

Selection 3 

0,57 

0.58 

0.57 

0.57 

0.56 

0.63 

0.62 

0.60 
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TABLE 9 


Regression toward the mean of tin- parentol gcierotlon 



PLUS SELECl’ia.ViJ 

Ml.VUS SKl.KrTIliV>s 

Line A 

Line B 

Line C 

1 Aver- 

1 

Line D 

1 

' Lino K 

U,„.k| 

Aver- 

iige 

Selection 1 

0.67 

i 0.52 

0.73 1 

! 0.67 

o.n 

1 

0.76 

0.77 1 

j... 

Selection 2 

0.71 

0.71 1 

0.7.-) 

0.72 

j 0.,S,1 

0.82 ; 

0.77 1 

O.Sl 

Selection 3 

O.SO 


0.88 

0 S5 

1 o..« 


0 SI 

0,,S3 


81.7 l35.5 



Fig. 3 Thl^effect of seletition In Plus Line A, at the right, and Alinus Line J), 
at the left. The horizontal lines represent range of facet number, the lowest 
numbers at the left and the highest at the right. The lowest horizontal line 
represents the original unselected population, the others, beginning at the 
bottom, Tespectively the populations after the first, second and third selections. 
The extent of overlapping of facet number in each generation is indicated by the 
overlapping of the two parallel lines. I’hc heavy lines give the progress of the 
mean values. The numbers are these mean values. A tlottod line in every case 
runs from a mid-parental value, below, t(} the mean of tin* offspring, above. 
On the sides of each dotted line are the line.s running from the mid-parental value 
to the values of the extreme individuals of the offspring. The full data are given 
in tables 1, 4 and 7. 
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84.8 *41.9 



Fig. 4 The effect of selection in Plus Line B and in Minus Line E. See the 
description of figure 3 for further details. The full data are given in tables 2, 

5 and 7. 

selection, 0.72 for the second and 0.85 for the third. In the 
minus lines the corresponding figures are 0.77, 0.81 and 0.83. 
The decrease with respect to the mean of the general unselected^ 
population indicates that there is real progress during the suc- 
cessive selections. The increase w^ith respect to the parental 
generation indicates that the effectiveness of the selection de- 
creases with successive selections and that there is probably a 
limit to the number of effective selections. It seems probable 
that continued selection would not be able to change the number 
of facets in the mutant stock to that of the original stock from 
which it was derived. 

The data presented thus show that selection in the Tar eye^ 
race of Drosophila is effective both in increasing and in decreas- 
ing the number of eye facets. As a result there can be no doubt 
of the existence of differences in the germinal constitution as 



the bar eye’ metavt of drosophila 



regards this characteristic among the individuals of a generation. 
This fact is of special interest l^ecaiise the origin of the race by 
^sudden appearance in a single individual is known and is of 
recent occurrence. Furthermore the behavior in crosses with 
the normal wild race shows that the mutant differs from the 
normal whd race in but a single Mendelian factor. If this were 
the only germinal factor involved in facet number wc would be 
compelled to conclude that we have a case of variability in a 
unit factor. As far as the present selection data go such a 
provisional hypothesis would not be contrary to the facts. It 
seems more probable however that facet number in the normal 
wild race is represented in the germinal constitution by more 
than one factor and that the modihcaiion occurring in the pro- 
duction of the Tar eye’ race involved only one of these factors. 
That this factor is a most important one is of course indicated 
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by reduction from an average of 701.1 facets in the original 
stock to 98.0 in the ‘bar eye’ stock. Selection, then, may have 
an effect because of variability or because of lack of homo- 
geneity in the race as regards these other factors without regard 
to the ‘barring’ factor itself. 

Three possibilities are thus open as regards the explanation 
of the effect of selection in this case. First, the ‘barring’ unit 
factor may be variable or may have varied since its appear- 
ance in 1913. Second, the ‘bar eye’ race and by inference the 
original normal eyed stock from which it was derived may con- 
tain additional germinal factors affecting facet number and these 
additional factors may be variable. Third, the ‘bar eye’ race 
and by inference the original normal eyed stock from which it 
was derived may not be homogeneous with regard to these 
additional factors. Different factorial combinations may be 
present iij different individuals. Selection in this case would 
segregate the ‘high’ combinations of factors on the one hand and 
the ‘low’ combinations- on the other, yielding finally two homo- 
geneous races in which further selection would have no effect. 
The ‘highest’ possible combination of factors as well as the 
‘lowest’ possible may not exist in the original sample of the 
general population, but by Mendelian recombination it would 
finally appear. 

While the data so far obtaiaed do not enable us to decide 
which one of these three possibilities ,or which combination of^ 
them is to be considered as active in this case there is some 
evidence to support the view that^thc third is at least partly 
responsible. The increase in regression of the mean toward the 
mean of the parental population with each successive selection 
indicates an approaching limit to the effectiveness of selection. 
This is what we would expect in a population that is heterogene- 
ous as regards factorial composition. If the unit factors them- 
selves do not vary, selection must soon cease to have further 
effect. 
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SLTOIAHY 

1; Three successive selections for high number of facets in 
the ^bar eye' race of Drosophila increased the mean number of 
facets from 98.0 to 139.5. 

2. Three similar selection.s for low number decreased the mean 
.from 98.0 to 83.7. 

3. The lowest individual, 89.0, in the ‘high’ lines after three 
selectioim is higher than the mean of the ‘low' strains, S3.7, 
and the highest individual of the ‘low’ lines, 137.0, is lower than 
the mean of the ‘high’ strains, 139.5. 

4. Significant progress was noted in each of the three selections 

in both ‘high’ and ‘low’ lines. . . . . , ^ 

5. There are some differences in variability m the dmerent 
generations but no significant change is proven. 

6. Regression toward the mean of the general unselcctcd popu- 
lation decreases with successive selections. ' 

7. Regression toward the mean of the parental popua ions 

iacreases with successive selections. This increase ^ 

probable that ‘bar eye’ stock can be raised to the original 

by continued selection. , 

8 It is apparent from these data that individuals in any 
generation differ as regards germinal constitution, 

9 If this difference in germinal constitution is solely in 
unit factor concerned in ‘barrinfe,’ variability in this unit factor 

B Xtr „» “»» 

concerned in facet number. In that case the se «tmn effect 
may be due either to variability of single unit factors or to 
meLce of origin, al differences in factorial composition. That 
it is due in part at least to the latter is indicated by *6 morease 
i regression toward the me, an of the.parental generation with 

successive selections. 




THE OCCURRENCE OF LETHAT. FACTOIiS IN INUIIED 
AND WILD STOCKS OF DROSOPHII-A 


MARY R. STARK 

(From the. Zoologicnl Laboratory, CofuwJiui. 

TIVO DIAGRAMS 


Three main points are dealt with in the followinfi; account: 
1) The relative frequency of sex linked lethal factors in inbred 
stocks of Drosophila ampelophila in comparison with their occur- 
rence in wild stocks. 2) The occurrence of new letlials and 
their linkage relations to other sex linked characters. 3) The 
demonstration that ah extraordinary sex ratio was due to the 
occurrence of two different lethal factors ea<*h carried by one 
of the sex chromosomes of the female that gave the ratio in 
question. 


THE RELATIVE FREQUEJ^CY OF LETHALS IN INBR10O AND WILD 

A hundred virgin females of a stock of Drosophila which was 
caught at Falmouth, Alass., in the summer of 1912, were mated 
individually on November 29, 1912, with malesof the sarneslock. 
The counts of the offspring from each bottle are shown in taldc 1. 

A hundred virgin females from a stock that had been caught 
at Falmouth, Mass., in the summer of 1911, were mated indi- 
vidually to males of the same stock early m January, 1913- 
The results are shown in table 3. 

Numbers 13, 36, 38 and 47 of table 3 show a ratio of twice as 
many females as males while numbers 43, 53 and 67 arc doubtful. 

In order to determine whether the high ratios would reappear 
in later generarions, virgin females from several of these cullnres 
were mated to brothers. The results are shown in table 4. 

Of the four sets of tests two (vis., 36 and 38) give ambiguous 
results, while numbers 13 and 47 give respectively 5 high to 9 
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TABLE 1 


FEMALES 

1 Males 

FEUALE3 

1 

1 MALES 

FEMALES-' 

MALES 

FEMALES 

MALES 

97 

98 

96* 

59 

85 

81 

105 

105 

134 

1 147 

121 

113 

93 

93 

88 

79 

77 

' 79 

94 

99 

73 

77 

58- 

47 

121 

1 117 

116 

98 

105 

108 

71 

75 

138 

144 

82 

82 

34 

41 

92 

82 

132 

•129 

183 

166 

112 

104 

47 . 

45 

99 

111 

117 

: 107 

72 

74 

56 

62 

122 

142 

161 

! 160 

85 

92 

1 93 

80 

127’ , 

128 

147 

140 

52 

47 

89 

77 

64 

61 

62 

51 

87 

92 I 

73 

87 

122 

152 

126 

120 

88 

79 

96 

92 

95 < 

110 

105 

112 j 

6# 

77 

69 

70 

75' 

82 

50 

37 1 

133 

112 

62 

74 

103 

120 

109 

111 

72 ; 

93 

154 

142 

112 

120 

94 

97 ; 

126 

112 

203 

172 

135 

137 

112 

94 i 

117 1 

123 

175 

147 

42 

47 

138 

141 

102 

102 

105 

154 

160 

150 

75 

74 

98 i 

101 

120 

86 

129 

127 

100 

110 

91 

80 

49* 

28 

125 

112 i 

65 , 

62 

98 , 

101 

83 

72 

43 

■ 50 1 

113 1 

109 

128 

122 

31 

'21 

157 

100 ; 

117 

105 

62 

59 

42 

34 

147 

115 I 

.109 , 

106 

40 

42 

70 

49 

130 

111 

65 

70 

48 

68 

57 

52 

67 

56 

82 

88 

SG 

72 

80 

70 


* Two matings showed ratliei high sex ratios, and as this is often indica- 
tive of a lethal factor, I mated individually six of the virgin females from each 
bottle (twelve in all) to males from the same bottles. Since each bottle of thc^ 
twelve (table 2) gave a 1 : 1 ratio it follows that the somewhat lower values 
noted in these two bottles was probably merely a chance deviation, or else due 
to the crowded condition of the bottle which prevented all of the males from 
hatching but. The males are known to continue hatching for some days ^fter 
the females have ceased to hatch. 


TABLE 2 


26 E2 

94 Fj 

Fotnales 

Malt’S 

Females 

Males 

141 

121 

87' i 

92 

128 

106 

79 , 

74 

162 

150 

124 

105 

72 

73 

177 

164 

160 

159 

! 232 

212 

130 

138 

; * 222 

204 



TABLE 3 


NO. OFPA.1E 

FEMALES 

MALF.A £ 

iEX Ratio .v 

f>. OP pau: 


MALK8 £ 

lEA RATIO 

1 

290 

227 

1.28:1 

51 

154 

162 1 

9.95 :1 

2 

121 

111 

1.09 : 1 

52 

139 

108 

1.28 : 1 

3 

196 

200 

0.98 : 1 

53 

5(1 

30 

l.SO ; 1 

4 

176 

173 

1.02 : 1 

54 

177 

182 

0 97 : 1 

5 

93 

102 

0.91 :1 

55 

1S3 

145 

1,26 : I 

6 

114 

134 

0.S5 : 1 

50 

75 

57 

1.31 : 1 

7 

132 

128 

1.03 : 1 

57 

104 

171 

1.14 : 1 

8 

115 

00 

1.20 : 1 

58 

203 

195 

1 ,01 ; 1 

9 

96 

92 

1 .04 : 1 

59 

158 

120 

1.22 : 1 

10 

95 

99 

0.96 ; 1 

60 

200 

176 

1,13 ; 1 

11 ' 

50 

63 

0.79 : 1 

61 

134 

114 

1.17 : 1 

12 

124 

142 

0,87 :l 

62 

45 

41 

1.10 : 1 

13 

232 

114 

2.03 : 1 

63 

106 

183 

1.08 ; 1 

14 

262 

229 

1.11 : 1 

64 

134 

100 

1 .20 : 1 

15 

187 

188 

1.00 : 1 

65 

130 

122 

1.12 : 1 

16 

212 

203 

|1.04 ; 1 

OCi 

113 

152 

0.91 : 1 

17 

214 

159 

1.35 : 1 

67 

105 

03 

r. 06 : 1 

18 

247 

, 220 

1.12 : 1 

08 

147 ■ 

133 

1.10 : 1 

19 

169 

145 

1.16 ; 1 

09 

151 

157 

0.06 : 1 

20 

106 

100 

1 .06 : 1 

70 

175 

159 

1.10 : 1 

21 

189 

149 

1.27 : 1 

71 

121 

84 

1.44 : 1 

22 

155 

127 

1,22 : 1 

7') 

108 

156 

0.69 : 1 

23 

193 

179 

' l.OS : 1 

73 

SO 

71 

1.12 : 1 

24 

206 

169 

1.22 : 1 

74 

i 100 

98 

1 .09 : 1 

25 

230 

223 • 

1,03 : 1 

75 

110 

103 

1.12 : 1 

26 

182 1 

154 

1.18 : 1 

70 

78 

59 

1.32 : 1 

27 

201 

168 

1,20 : 1 

77 

00 

53 

1.11 : 1 

28 

178 

142 

1.22 : 1 

7S 

100 

92 

I.IO : 1 

29 

153 

136 

1.12 : 1 

• 79 

81 

6!) 

I.IS : 1 

30 

120 

79 

1.52 : 1 

SO 

MS 

118 

1 . 29 : 1 ' 

31 ’ 

1G6 

153 

1 .08 ; 1 

81 

70 

88 

0.90 : 1 

32 

157 

143 

1.10 : 1 

82 

103 

107 

0.96 : 1 

33 

212 

155 

1.37 : 1 

83 

120 

120 

1 .05 : 1 

34 

225 

225 

1 ,00 : 1 

84 

no 

95 

Ml : 1 

35 

156 

161 

1.03 :1 

S5 

05 

94 

l.Ol ; 1 

36 

188 

81 

2.32 ; 1 

86 

114 

140 

0.81 ; 1 

37 

172 

183 

0.90 ; 1 

87 

75 

08 

1.10 : 1 

38 

172 

83 

2.07 : 1 

88 

97 

98 

0.90 : 1 

39, 

77 

92 

0,<S,3 : 1 

89 

no 

140 

0-.92 : 1 

40 

125 

S3 

1 .51 : 1 

90 

140 

128 

1.00 : 1 

■ 41 

159 

155 

1.02 ; 1 

91 

126 

124 

1.06 : 1 

42 ' 

102 

95 

1 .07 : 1 

02 

133 

137 

0.97 : 1 

43 

74 

49 

1.51 : 1 

93 

1 55 

157 

0.99 : 1 

44 

53 

36 

1 .17 : J 

94 

157 

I 148 

l.OS : 1 

45 

113 

■ 77 

1.49 : 1 

95 

ns 

115 

1 .02 : 1 

46 

69 

64 

1.09 :1 

96 

111 

1 88 

1.20 : 1 

47 

200 

93 

2.15 : 1 

97 

148 

1 138 

1.01 :1 

48 

88 

80 

0.98 : 1 

98 

105 

103 

1 .01 : 1 

49 , 

56 

60 

0.93 : 1 

. • 99 

127 

1 126 

1.01 : 1 

50 

76 

64 

1,19 : 1 

1 100 

124 

! 120 

1.01 : 1 
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TABLE 4 


^ _J 

36 

NO. OF PAIR 

FRUALES 1 

MALES 

SEX RATIO 

1 

NO. OF PAIR 

FEMALES 

MALES 

SEX RATIO 

1 

194 

95 ' 

2.04 : 

il 

1 

116 

128 

0.91 

1 

2 

123 

50 

2.46 

1| 

2 

114 

124 

0.92 

1 

3 

123 

124 

0.99 : 

1 

3 

89 

63 

1.41 

1 

4 

131 i 

113 

1.16 : 

1 

4 

101 

107 

0.94 

1 

5 

164 

61 

2,70 

1 

5 

100 

74 

1.35 

1 

6 1 

108 

86 i 

1.14 

1 

6 

102 

124 

0.82 

1 

7 , 

143 

53 1 

2.70 

1 ! 

7 ; 

119 

96 1 

1.24 

1 

8' 

82 

104 

0.79 

1 

8 

92 

94 

0.98 

1 

9 

193 

173 i 

1.11 

1 1 

9 i 

70 i 

49 1 

1.43 

1 

10 

148 

82 

1.80 

1 

% i 

100 1 

80 1 

1.25 

1 

11 1 

159 

143 ; 

1.11 

1 

11* 

194 i 

153 

1.27 

1 

12 , 

87 

93 

0.94 

li 

12 1 

109 1 

47 : 

2.32 

1 

13 

53 

59 

0.96 

1 : 

13 

129 

105 

1.23 

1 

14 1 

119 

173 

1.50 

1 i 

14 1 

124 

105 

1.18 

1 

15 

165 

152 

1.10 

1 

15 

127 

116 

1.10 

1 

38 

1. « 

1 

112 

56 

2.00 

1 

1 

137 

141 

0.97 : 

1 

2 

159 ' 

139 

1.14 

1 

2 • 

150 

157 

0.96 

1 

3 

125 

78 

1,61 

1 1 

3 

140 

105 

1.’33 

1 

4 

67 

73 

0.93 

1 

4 

85 

95 

0.89 

1 

5 

58 

46 

1.26 

1 

5 

115 

107 

1.08 

1 

6 i 

131 

90 1 

1.45 

I 

6 

127 

77 

1.65 

1 

7 1 

90 

79 

1.01 

1 

7 

185 • 

91 

2.03 

1 

8 1 

119 

129 

0.92 

1 

8 

201 

81 

2.45 

1 

^ 1 

71 

78 

0.91 : 

1 

9 

119 

90 

1.32 

1 

10 , 

153 

86 

1.78 

1 

10 

149 

150 

0.99 

1 

11 1 

183 

153 

1,19 : 

1 

11 

201 

92 

2.20 

1 ' 

12 j 

164 

117 

1.40 

1 







low 1 doubtful and 4 high to 7 low ratios v.'here equal numbers 
of each kind are expected. Further tests were therefore made. 
Pairs were mated from 13, 1; 13, 2; 13, 5; 13, 7; 36, 12; 47,' 7; 
47, 8; 47, 11. 

The counts from these matings are shown in table 5. 

As expected, the test of 13, 1 shows the presence of a lethal 
since there were 6 high to 6 low ratios. 

The test of 13, 2 indicates a lethal with 8 high to 11 low ratios. 
The test of 13, 5 indicates a lethal with 6 high to 13 low ratios. 



lethal factors in drosophila 



tabu:: 

13, 1 

5 



jfo. or PAIS 

FE.MALES 

sjAi.na 

SKX HATH) 

1 

2 

3 

4 

5 

‘ 6 

7 

8 

9 

10 

11 

12 

ISO 

lis 

121 

IIG 

171 

1.38 

120 

107 

115 

104 

1^7 

174 

103 

122 

128 

101 

81 

46 

116 

IdO 

128 

100 

l.SO 

0.97 

1 06 

1.15 

2 11 

3 (K) 
1.03 

2.06 

1.05 

n.S[ 

1 ,S6 
1.71 

I 

I 

I 

1 

1 

1 

I 

I 

I 

1 

13, 2 


NO. OF PAIK 

I MAI.KS 

11. a U) 

1 

1.59 

61 

2.61 

1 

2 

128 

146 

U SS 

1 

3 

#105 

53 

2.00 

I 

4 

212 

94 

2. 3(; 

1 

6 

139 

101 

1 37 

1 

6 

8-4 

74 

1.14 

1 

7 

135 

122 

].10 

1 

8 

240 

100 

2.10 

1 

9 

225 

160 

MO 

1 

10 

77 

79 

0.98 

1 

11 

91 

69 

1.3S 

1 

12 

72 

87 

0,83 

1 

13 

109 

81 

1.34 

1 

14 ■ 

108 

84 

1.17 

1 

15 

175 

91 

1.92 

1 

16 

222 

no 

1.91 

1 

17 

8S 

40 

2 22 

1 

18 

134 

104 

1.29 


19 

145 

47 

3.08 

1 


Two high to 9 low ratios appear in 13, 7, which probably in- 
dicates a lethal as the parent also had a high ratio (viz., 2.7 : 1). 

These four tests of 13 show beyond doubt that a lethal was 
present, since each of the four families tested gave some high 
ratios 
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TABLE a^Contuiued 


13 , 5 


NO. OK P.MR 

FEMALES 

M.ALEB 

SEX RATIO 

1 

116 

139 

0.87 :1 

2 

103 

100 

1 .03 : 1 

3 

222 

109 

2 ,(i :1 

4 

140 

110 

' 1.00 :1 

5 

159 

58 

2.75 :1 

6 

150 

168 

0.89 :1 

7 

205 

■ 210 

0 , 98:1 

8 

107 

44 

2.43 :1 

9 

230 

140 

i 1 . 71:1 

19 

164 

137 

1 . 20:1 

11 

125 

117 

• 1 .07 : 1 

12 

148 

. 123 

1 . 20:1 

13 

172 

156 

1 . 10:1 

14 

107 

50 

2.14 :1 

15 

113 

115 

o 

00 

16 

100 

134 

0.75 : 1 

17 

211 

150 

. 1.41 :1 

IS 

116 

133 

0 . 87:1 

19 

155 

. 62 

2 . 50:1 


13 , 7 


NO. OP PAIR 

FEMALES 

MALES ^ 1 

BEX RATIO 

1 

267 

229 

1 . 17 : 1 

2 

ISO 

'161 

1.11 :1 

3 

136 

123 

1.10 : 1 

4 

208 

89 

' 2 . 32:1 

5 

106 

106 

1,00 :1 

6 

162 

87 

2.00 :1 

7 

139 

131 

1-.06 : 1 

8 

119 

140 

0(85 : 1 

9 

121 

119 

1 . 01:1 

10 

109 

76 

1 , 43:1 

11 

113 

1 

83 

1 1 . 36:1 

i . • 


Of the 60 females tested^ half (30) should have given 2 : 1 
ratios, while in fact, only 22 gave such ratios to 38 giving normal 
ratios. Provisionally, this deviation may be ascribed to chance. 
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The following tests were made of the davightcrs of luunbcr 
12 of 36, table 4: 

TABLE 

sa, 12 


NO. OP p.^.m 


MM.ua 

. s.xnuu.i 

1 

121 


17:1 

2 

]r>i 

.'id 

2 S : 1 

3 

13(1 

li19 

1.2 : 1 

4 

m 

M(1 i 

1.1:1 

5 

97 

11.1 

ns : 1 

6 

177 

lOS 

i.n : 1 

7 ' 

13.7 

S,^ 

1 .,1 : 1 

s 


.1.1 

2,0 :1 


In this test there were 5 high to 3 1 o\t ratios showing that 
36, 12 was a lethal bearing female. 

■ The following tests were made of tlie daughters of number 
7 of 47j table 4. 

TABLl'^ ^i'~Cr»ilinufil 


4-7, 7 


■ 

NO. or pa:r 

FEM-\hi:S 1 

M KB 

SKX UATIO 

1 

2.59 

121 

2 . 1:1 

2 

235 

122 

1 .9 : 1 

3 ' 

188 

7S 

2 . 1 ; 1 

4 i 

13.3 

152 

0 . 9 -.1 

5 

170 

90 

1.9 :1 

0 

18,1 i 

!)5 

1 9 : 1 

7 

147 

148 

1 .0 : 1 

8 

161 • 

150 

M ;1 


Here there are 5 high to 3 low ratios indicating a lethal. 

In 47,3 the 4 high to 4 low ratios indicate a lethal. 

In 47 ’ 1 there are 3 high to 7 low ratios. Of the three sets 
of tests 'of 47 of table 5 there were 12 high to 14 low ratios 
which establishes the presence of a lethal in this line. The 
general outcome of these tests leaves no doubt that a lethal was 
present in the original females that were tested. 

Since only half of the daughters of a lethal female are hetero- 
zygous for lethal and since these females are indistinguishable 
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TABLE 5— Continued 


47 , S 


NO. OP PAIR 

FEMALES 

MALES 

1,' SEX R<TIO 

1 

14 G 

■ 80 

1.8:1 

2 

93 

(41 

1.0:1 

3 

201 

162 

1.2# 

4 

124 

1 58 

1 2.1:1 

5 

147 

156 

0 . 9:1 

6 

196 

69 

! 2.8:1 

7 

150 

119 

1 . 3:1 

8 

1.58 

1 57 

1 2.8:1 


47, n 


NO. OF PAIR 

FEMALES 

Males 

SEX B.ATIO 

1 

1 i 

142 1 

79 

1 . 79:1 

2 

168 j 

173 

! 0 . 98:1 

3 i 

157 

171 

0.92 il 

4 

159 , 

162 

0 . 98:1 

5 

167 

124 

1.34 :1 

6 

247 

124 

2.00 : 1 

7 

142 , 

127 

1.12 :1 

8 

190 

97 

1.96 : 1 

9 

122 

146 

0.90 :1 

10 1 

163 * : 

156 

1.04 :1 


from their sisters, it is by chance only that one would choose 
a female with a lethal factor when testing out a stock. On the 
other hand if a lethal female is mated to a male having a sex 


TABLE 6 
13 , 1 , 11 


NO. OF PAIR 

FEMALES 

MALES 

SEX. U.VTIO 

1 

1 

183 

156 

1 . 11:1 

2 

138 

118 1 

1.17 : 1 

3 1 

155 j 

70 

2.22 :1 

4 

158 

139 

1.12 :1 

5 

154 

82 

1.90 :1 

6 

142 1 

152 

0.90 :1 

7 

163 

152 

1.01 :1 
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TABLE i~Co<tlinutd 


13, I, 13 


1 1 

111 

70 

1 03 ; 1 

2 

150 

130 

1.13 :l 

a 

109 

108 

1 .s:{ ; 1 

4 

154 

S3 

1 ,8.8 ; 1 

5 

195 

103 

1.03 :1 

6 

1.54 

103 

1.51) :t 

13, 3, 1 

1 

123 

1 (ill ■ 

3,00 :l 

2 1 

130 

53 

3..50 :1 

3 ' 

08 

105 

0,93 :1 

4 

S2 

3 

•37 33 : 1 

5 

IK) 

05 

1,15 : 1 

6 

110 

1:L> 

1.04 :1 

7 

170 

50 

3.40 : 1 

8 

84 

03 

135:1 

0 

90 


1.41:1 


13, 2, S 


1 

S3 1 

01 

1 .30 ; 1 

2 

150 

02 

2.43 :1 

a 

105 

9(> 

1 ns; 1 

4 

150 1 

M 102 

0.97 :1 

5 

84 ! 

39 

2 10 :1 

6 

134 

131 

1.00 -.I 

7 

120 

73 

1.01 :1 

8 

109 

01 

1.54:1 

9 

131 

111 

1 21 :1 


13, 2, 

li) 




1 .37 ; 1 
0.02 ;1 

1.07 :t 
1.35 :t 
1 .(K) : 1 
3.84:1 
1 .80 : 1 

2.07 :1 
2.20 ;1 
1 . 02:1 
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linked factor close to the lethal factor in question a stock may 
be obtained in which the lethal females may Be selected with 
great probability. For example; If a red eyed female carrying 
a lethal is mated to a white eyed male half of her daughters will 
have the factor for red and the factor for lethal in one X chromo- 
some and the factor for white and the factor that is thejiorjsal 
allelomorph of lethal in the other chromosome. If such a daugh- 

TADLE 7 


13, 2, 8, 2 (four 1 : 1 ratios omitted) 


xo. Of pair 

FEMALES 

MALES 1 

CROSSING OVER 
BETWEEN WRITE 
AND LETHALS 

Red 

White 


White 

1 

62 . 

73 

n 

47 

19.0 

2 

87 

78 

12 

48 

20.0 

.3 

99 

77 ! 

23 

58 

28.4 

4 1 

77 

67 j 

11 1 

.55 

16.7 


13, 2, 19, 6 (five . 

t : 1 ratios omitted) 


1 

1 1 

' 177 . 

94 

! 30 

SS 

25.4 

2 

1 110 j 

117 

! 19 

81 

19.0 


13, 2, 19, 7 [three 1 : 1 ratios omitted) 


* 

1 

83 

107 . 

' 23 

69 

25.0 

2 

■ 112 1 

118 

22 1 

93 i 

19.1 

3 

98 j 

^ 81 

* 26 

68 : 

1 27.7 

4 i 

162 

8.5 

14 1 

79 I 

15.1 

5 

89 

' 94 

20 

71 

' 22.0 

6 

98 

1 87 

' . 27 j 

72 

27.3 • 

7 

82 

83 

18 

65 

1 21.7 


ter is mated to a white eyed male half of the female offspring will 
be red eyed and half white eyed. The former getting their red 
bearing chromosome from their mother will be the letha,! bearing 
females since the red bearing chromoson^e also carried the lethal 
factor. By selecting the red eyed females, therefore, in each 
succeeding generation and breeding them to white eyed males 
the lethal stock can be maintained. 

Virgin females from numbers 13, 1, 11; 13, 1, 12; 13, 2, 1; 
13, 2, 8; 13, 2, 19; of table 5 were mated to white eyed males. 
The results are shown in table 6. 
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The tests give 19 high to 22 low ratios wliich is the expecta- 
tion for lethaLs, i.e.^ equality is expect ed and is approxinnitely 
realized. 

Daughters from 2 : 1 cultures all of whicl\ wer(' heterozygous 
for white and half of which should be heterozygous for lethal 
also, were again, mated to white eyed males witl\ tlie residts in 
table 7. 

There were 13 high to 13 low ratios sliown by these daughters 
indicating a lethal factor. On the basis of these data the locus 
*of the lethal is at 23.7. 

It is interesting to note that the lethal factor occurred iu flies 
that had been inbred a year and that none a])peared in the stock 
having been inbred only two months. i\Iiss Tawls (Hioi. Hull. 
T3) found her lethal in a stock that liad been iiibred a yctvr. 
The lethals described by Quackenbush (Sc. ’19) and Morgan 
(Sc, T2; and Jour. Exp. Zook ’14) appeared in stocks tliat had 
been inbred for some time. To test whether, in general, lethals 
are more frequent in inbred stocks I mated 100 pairs from wild 
stock caught at Falmouth, Mass., and 70 pairs from wild stock 
caught at Harris, Minn. The. results are shown iii tabic 8. 

Tables 1 and 8 show tlift the counts made of offspring from 
270 pairs of fresh wild stocks hav« no unusual ratios. 


THE SECOND LETHAL FACTOit 

On February 10 of 1914, sixty paii’s from stock collected in 
the summer of 1910 were mated, The results are shown in 

next to the last pair of t.he abo^-e table seemed to show 
the presence of a lethal factor. Sixty virgin daughters from 
this pair were mated to brothers. ^ early onc-half of these 
gave a mtio of twicoAs many females as males, as shown m 

‘"virgin females from numbers 7, 8. 12, 23 and 39 were mated 
to white eyed males. About onc-third « J 

next generation show the presence of 

Some of those lethal females were again mated to white eyea 



542 


MARY B. STARK 


TABLE 8 ra) 


Falmouth Stock 


FEMALES 

M.VLES 

females 

males 

FEMALES 

MALES 

FEMALES 

MALES 

98 

111 

129 

111 

161 

132 

175 

182 


132 

207 

216 

175 

176 

171 

174 

74 

78 

181 

154 1 

105 

187 

191 

190* 

6S 

85 

182 

193 , 

101 1 

118 

. 199 

223 

129 

120 

196 

205 

102 

a5 

100 

88 

120 

117 

179 

187 ! 

154 

162 

99 

106 

119 

138 1 

191 i 

175 1 

195 1 

190 

185 

180 

178 

174 i 

105 i 

' 97 i 

191 i 

198 

100 

! 84 

175 

175 j 

184 j 

181 j 

199 j 

202 

174 

194 

05 

103 

173 

1 138 j 

150 

150 

87 

128 

130 ! 

109 

186 1 

150 

166 1 

183 

91 

1 90 

156 

141 

.■174 1 

' 169 

110 1 

123 

' 98 

i 86 

103 

88 

170 , 

197 , 

175 1 

177 

100 

108 

125 

152 

187 

222 

176 

180 

100 

93 

105 

95 ! 

220 

182 i 

192 1 

171 

! 140 

136 

84 

92 

186 

157 

189 

172 

108 

no 

140 

1<S8 

95 

no 

175 

193 

100 

92 

128 

151 

192 

200 

159 

173 

85 

102 

127 

139 1 

174 , 

171 

171 

159 

100 

101 

157 i 

193 i 

113 i 

111 

177 

173 

172 

160 

120 , 

1 145 

167 

' 119 1 

166 1 

184 

183 

189 

100 

! 106 

123 

120 

m 

81 

192 

189 

102 

100 

191 

210 ^ 

m 

163 

176 

180 

148 

125 

134 

120 ' 

' 110 

107 

164 

170 

167 

155 

106 

102 

1 191 

199 

171 

! 175 


males. It was expected that only a few of the red eyed males 
would appear in the second generation if red and lethal were 
closely linked. Results (table 11) show, however, that a great 
number of red males appear. Such s. result indicates that a new 
lethal had appeared which was located some distance from the 
factor for white, thus giving a chance for a greater amount of 
crossing over. 

In table 11 it will be noted that the percentage of crossovers is 
46. This would place the lethal somewhere beyond the factor 
for sable and not far from the factor for bar eyes upon the sex 
chromosome. 
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TABM-: 8 (h) 


Harris Slock 


fEMv^LES 

MALES 

EIlMALES 

MAl.KS 

KEMAI Ki 

MALES 

69 

160 

187 

142 

.8.3 

9> 

126 

126 

117 

06 

176 

167 

158 

139 

104 

104 

91 

86 

124 

121 

97 

10.5 

17.5 

130 

159 

210 

115 

125 

140 

139 

163 

132 

105 

OS 

{)4' 


180 

170 

115 

79 

13S 

120 

199 

196 

S4 

87 

116 

11.5 

154 ' 

155 

93 

81 1 

183 

18.') 

153 

: 153 

115 

89 

163 

13.5 

157 

167 

03 

75 

107 


165 

135 

104 

105 

1,38 

120 

104 

117 

9.8 

82 

164 

161 

183 1 

179 

no 

130 

21S 1 


136 

142 

112 

110 

215 

210 

170 

156 i 

139 

129 i 

211 

VMS 

173 

161 

144 i 

1.32 

240 

214 

151 

133 

90 

87 

195 

2;«> 

98 

98 

125 

93 

162 

Km 

129 

99 

ss 

82 

102 

98 

122 

116 

121 

!19 

236 

2.30 

106 

95 

^37 

117 

141 

1.51 

70 

90 

134 

135 

166 

167 

96 

79 

122 

96 

172 

165 


^ To determine the approximate loeation of tlu; lethal u])on th(‘ 
chromosome virgin females of the fifth generation {table It) 
were mated, some to sable males, and some to bar eyed males. 

The counts of the second generation of crosses with sable and 
with bar eyed males are shown in table 12. The 1 : 1 ratios are 
omitted. 

The data in this table show that the distance of this lethal 
from bar is 8.3. 

If the locus of the factor for sable is 43 and that for bar is 
57, the data of table 12 show that the locus of the new lethal is 
43 + 23.5 or 66.5, since the distance of lethal from the factor 
for bar is only 8.3, The locus of the lethal must be To the right 
of both factors since 43 + 23.5 or 06.5 is approximately equal 
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TABLE 9 


FEMALES 

MALES 

FEMALES 

MALES 

FEMALES 

MALES 

146 

151 

164 

161 

164 

169 

1.57 

168 

82 

125 

148 

131 

83 

79 

! 183 

136 

266 

239 

88 ■ 

99 

197 

m 

201 ■ 

216, 

95 

104 

114 

' 93 

167 

160 

108 

103 

114 , 

1 111 

1 133 

129 

76 

. 78 

96 

106 

1 112 

140 

140 

138 

88 

1 86 

106 

! 86 

ISO 

213 

93 i 

120 

116 

97 

lOo 

8.5 

114 

95 

169 1 

173 

100 

79 

155 

230 

199 

185 

176 

152 j 

106 

111 

181 i 

205 

131 

1.55 

98 

103 j 

145 

1.54 

102 

84 

142 

119 

106 

96 

160 

133 

91 

64 1 

no 

96 

171 

153 

138 

no - 

181 

197- 

250 

188 

113 

135 

195 

178 

252 

216 

152 

135 

U42 

162 

150 

163 

180 

. 149 

266 

108 

139 

105 

148 

134 

86 

55 


to 57 +8.3 or 65.3 or at 65.6. Tjie locus indicated by both 
experiments when the data are wei^ted proportionately and a 
correction is made for double crossing: over is 66.2. 

In the spring of 1914, an interesting lethal turned up in my 

1910 stock. Half of the males hatched out as normal males but 
of the other half, though able to pass through the different* 
stages of metamorphosis, many of them were unable to escape 
from the pupa case. Those that chanced to do so fell over on 
one side when trying to walk. I examined all the appendages 
carefully but noticed no abnormalities. Nevertheless,, the legs 
did not seem strong enough to support the body, nor did they 
seem to move coordinately and for that reason would so often 
become entangled with one another that the fly could not get 
them separated and would die from exhaustion in a day or so. 
Not any of these males lived longer than two days. 

Whether the first lethal of the ’i910 and the lethals of the 

1911 dies allow any development of the lethal bearing 'male 
at all, is still under investigation. 
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TABLE ]0 


NO. OP PAIK 1 

■EM.^tLS 1 

MALES S 

EX RATIO N 

D. OP P.vUi 

PMAj i:s 

M.VI.ES 1 S 

KX It.ATJti 

1 

211 1 

99 

2.13; 1 

31 

lie 

49 

'.28 : 1 

2 

197 

87 

2.26:1 

32 

1 

54 

.0,3 ; 1 

3 

161 

91 

1.77:1 

33 

170 

10;’, 

1.70:1 

4 

123 

83 

1,48:1 

;u 

40 

,51 

1,90 : 1 

5 

201 

100 

2,00:1 

3.5 

143 

78 

1 .8i‘> : 1 

6 

64 

76 

0.84:1 

30 

44 

4,3 

1.00 : 1 

7 

277 

129 

2.15:1 

37 

2(V) 

128 

1 ,60 : 1 

8 

253 

125 

2,02: 1 

AS 

4!) 

,^n j 

1 .00 ; 1 

9 

63' 

44 

1.13:1 

39 

09 

27 I 

2.19 ; 1 

10 

112 

07 ' 

1.67: 1 

40 

20 

2:3 1 

1 13 : 1 

Ml) :1 

11 

96 

48 

2.00: 1 

■n 

73 

06 

12 

244 

lie 

2,10: 1 

42 

28 


2 ,00 : 1 

13 

155 

92 

1.68:1 

43 

160 

30 

4.41 : 1 

14 

69 

67 

1 03:1 

44 

124 

.51 

2.43 : 1 

15 1 

72 

73 

1,00: 1 

4,5 

109 

4.3 

2. ,30 : 1 

16 

119 

69 

1 1.72:1 

46 

4.5 

42 

1 1,00 : 1 

17 

las 

102 

1.64:1 

47 

,50 

41 

00 

78 

2.8 

Ml : 1 

18 

19 

20 

71 

38 

90 

50 

12 

36 

1,42:1 

3.00:1 

2.50:1 

48 

49 

50 

173 

115 

44 

1 .92 : 1 
1,17 :1 
1..5S : 1 

21 

22 

213 

70 

141 

60 

1.51:1 

1.16:1 

51 

,52 

61 

58 

:30 

-1 

2.00 : 1 

0 .90 : 1 

23 

24 

208 
117 ’ 

90 

74 

2^1:1 

1.58:1 

.53' 

51 

164 

73 

74 

70 

29 

2.21 : 1 
r.uo :l 
0.9;i : 1 

25 

26 

64 

85 

61 

60 

1.0.5: 1 
1.41:1 

55 

103 

.56 

72 

02 

1.34 :1 
0,90:1 

27 

28 

29 

30 

■ 69 
88 
231 
217 

35 

69 

123 

119 

1.96:1 

1.28:1 

1.88:1 

1.82:] 

57 

1 58 

1 50 

L 00 

191 

193 

148 

118 

88 

1.01 :1 
2.19 ;l 
1.74 ; 1 


Since no lethal has been found in tlie hundreds of i.a.rs o 
fresh wild stock examined and since lethals have occurr d 
many of the inbred stocks, it may appear that 'nb«edin)^ 
its constraints of confinement and homogeneous teedmg) 

from the COIHpStltlOn tllilt tcllveb pi lofLol 

5A' A", the ,«»vn,io„ — m— »1 a., Whal 

factors that may appear. ' , involve a fuller kuowh 



TABLE 11 


1$W Lethal 


Fi 

9s d’s 

(266 108) 


a 

a. 

cfs 

a 

a, 

9s 

cJ’s 

7 (277 

129) j 

' 1 (208 
4(178 
. 7 (169 

1(H) 

76) 

69) — 



[ 6 (229 

10 ( 52 

107) 

19) 

o 

125) 1 

12 (258 
^13 (207 

127) 

107) 



^ 7 (146 

93)^-. 

12 (244 

116)?-^'-^ j 

4 (189 

99) 



, 8 (170 

94)^’^ 

23 (208 

90) < 

f 6 (147 

( 

[ '8 (228 

93) 

92) — 



1 (228 

101) 

59 (193 


10 (210 

97) 



.13 (212 

105) 


* The 1 :1 ratios are omitted. 
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.5- table 11 


> R9a 



W:?& 

<4, 

A' 9 5 


ir9.. 





f 1 (148 

56 

135 

77) 

T {148 

75 

166 

V23) i 

|3 (128 

29 

107 

,61) 

4(220 

92 

124 

135) 

46 

1,32 

S;)] 

6 (179 

69 

144 

96) 

6 (132 

42 

92 

(IS) 

,7 (160 

63 

150 

SO) 

7 ( .159 

.54 

121 

101} 





'8(158 

61 

1,52 

79) 





1 ( or 

27 

5,5 

37) 

' 2 (170 

80 

74 

90) 

i 4 { 88 

26 

78 

51) 

, 5 (140 

44 

146 

93) 

1 5 (142 

54 

96 

64) 





1 0 (105 

45 

92 

43) 





i 8( 65 

20 

76 

35) 





! 9 (119 

61 

93 

61) 

6 (175 

64 

201 

95) 





7(120 

44 

122 

66) 


• 



9(109 

66 

118 

46) 








1 

' 3 (151 

52 

13.5 

.82) 

1 (las 

56 

135 

68) , 

! 5(134 

59 

117 

8.5) 

3 (183 

76 

145 

97) 

1 6(132 

47 

1)7 

73) 

4(161 

64 

162 

89) ] 

7 (130 

53 

126 

67) 

7 (160 

5T 

165 

84) 

8 (124 

.57 

112 

55) 





9 (12,8 

61 

137 

68) 





1 10 (101 

42 

SO 

56) 


1 (138 68 • 146 77) 


' 1 (U3 

61 

118 

2(166 

SO 

170 

5 (IIG 

57 

212 

10 (147 

57 

108 

11 (153 

67 

139 

12 (224 

83 

194 

15 (120 

60 

124 


2(121 

45 

106 

4 (113 

64 

115 

6 (124 

05 

124 

9 (117 

49 

131 

10 (173 

62 

96 

11 (130 

56 

109 

13 (121 

54 

123 

4(113 

56 

111 

6 (139 

50 

134 

S (117 

42 

112 

9(124 

65 

113 


o8) 





01) 





146) 





S3) 

j 5 (114 

47 

96 

62) 

79) 

80) ^-. 

1 6(108 

56 

103 

m 

{ 9(135 

53 

124 

74) 

69) 

In (124 

52 

103 

.56} 


! 12 (139 

60 

141 

72) 

72) 

2 (105) 

34 

139 

81) 

63) 





02) 

' 3 ( 84 

.38 

.SO 

48) 


i 0(108 

1 7(125 

46^ 

07 

90 

112 

57) 

63) 

,59) 

; 12 (135 

49 

78 

70) 

69) 

',13(109 

42 

77 ^ 

.58) 

re! 

7 f76 

17 

.5{ 


03) , 

65} 

1.405 

iiiis 



Total no. of d’s = 30o3 No, of cross overs = 1405 
The ratio of the cross overs to all the r7s = 1405 -k 3058 == ,46 
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frequency of their appearance. For the present, therefore, the 
fact of the occurrence of the lethals in the inbred stocks is the 
one important result of this examination. 

THE PRESENCE OF TWO LETHALS 

Number 4 of 13, 2, of table 6 yielded a ratio of 27.33 : 1. It 
seemed probable in this case that two different lethal factors 
were present, one in each chromosome. This might seem to 
prevent all the sons from developing since each son must get 
one or the other maternal sex chromosome; but the survival of 
the three males would* be possible through the crossing over 

TABLE 12 fa) 


Heterozygous Bar Female X Bar Male 


NO. OF FAIH 

kemai.es 

MXLE,^ 

CROBSOVEii 

I'ERCENTAGB 

Bar ' 

Bn.r 

Normal 

1 

! 284 ■ 

! 108 

5 

4.4 

2 

214 

93 . 

13 

' 12.3 

3 

' 120 

i 47 

• 3 

6.0 

4 j 

1 187 

86 

. T2 

1 12.2 

5 

173 

1 72 

4 

5.3 

6 j 

1 146 : 

64 

8 ; 

11.1 

7 

187 

78 

8 1 

’ 9.4 

8 

247 . ■ 

122 

! 5 

4.2 

9 

138 i 

91 

4 

4.2 

10 

166 

52 

4 

7.1 

11 

107 I 

74 

11 

13.0 * 

i 

183 

75 ' 

12 

13.0 

13 

123 

75 

10 

12.0 

14 

230 

129 

10 

7.1 

L*) 

121 

56 

3 

5.0 

16 

193 j 

60 

‘ 7 

10.0 

17 

! 241 

107 

10 

8.0 

18 

159 1 

84 

2 

2.3 

19 

' 143 

77 

9 

10.0 

. 20 

139 

50 

4 

8.0 



1590 

144 



Total number of cfs, 1734; Crossovers = 144. 
Crossover percentage = 144 -i- 1734 or 8.3. ' 
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TABLE 12 (lj] 

Red eyed 9 heterozygous for sable and lethal X sable o’ 


NO. or p.vifl 

I 


i>\mx 

NOItMAI. I 

PKTW'KSTAtiK 

I 

45 

40 

35 

6 ' 

15.0 

• 9 

111 

lOl 1 

so 

20 

20.0 

3 

167 

312 

84 

30 

26.3 

4 

110 

74 

69 

21 

24.6 , 

5 

162 

104 

95 

37 

28,0 

6 

77 

59 

4>') 

9 

17.0 . 

7 

U9 

113 ^ 

02 

9 .) 

20.0 

8- 

92 

104 

AS 

25 

29.0 


j .91 

105 ' 

1 65 1 

2.> 1 

■' 

10 

1- 85 

78 

55^ 

78 

16 

22,5 

11 

134 

115 

29 

• * 

12 

111 

113 


21 

22,1 

13 

138 

138 

1 89 

33 

27.0 

14 

35 

38 

35 

5 

12.5 

15 

97 

52 

29 

S 

21 

21 .6 

16 

121 

114 

m 

25.3 

17 

54 

71 

1 48 

11 

26 

22 ,6 

18 

86 

91 

1 SO 

21.5 

19 

73 

83 

1 ^ 

1 1254 

19 

:^S7 

19,1 

— 

, 

T 


}or 



The total mimbor of males - IGH; Crossuvnrs - .S87. 
The crossover percentage - 387 ^ IGH or 
Therefore, the distance of lethal from sable is 2.Lo, 


of one of the lethal factors from one chromosome in the othc 
thus freeing one chromosome from its lethal factoi. 

’ TABLE 13 


13, 2, I, 4 


NO. oi 



FEM.MoES 

sr.ii. 

ES 1 

Red j 

White 

Red 

Wliito 

172 

217 

147 

215 1 

229 

228 

184 

214 

193 

174 ' 

228 

174 , 

216 

194 

209 

201 

212 

155 

32 

30 

1 29 

1 28 

1 44 

30 

35 

25 

38 

116 J 

. 136 

126 

174 

124 

144 

139 

147 

138 


Crt()S»I.V<i l>VEH 

uktwee.v white 

.\,ND 

«K.\ llATir) 

21.6 

2.34 

18.1 

2.72 

18.7 

2. in 

13.9 

2.13 • 

26-2 

2.52 

17.2 

2.51 

20,1 

2.21 

14.5 

2,47 

21,6 

1 1.97 
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Nine of the daughters were mated individually to white eyed 
male? and gave the results in table 13. 

All nine daughters gave a 2 : 1 ratio which is expected if 
their mother had two lethals. 

Ten other daughters (from the very high ratio mother) were 
mated to their red eyed brothers^ and gave the results in table 

14. 

Six red females of table 13 were tested and gave the following 
results: 


13 , 2 , 1 , 4 , 7 


NO. OF PAIR , 

FEMALEfl ^ 

MALES I 

[ CROSSING OVER 
BETWEEN WHITE 
ANU LETHAL- 

BEX RATIO 

Red 

\Uiite 

R.ed 1 

[ White 

1 i 

59 

51 

4 

■ 47 

7.8 

2.3 : 1 

2 j 

88 

84 

8 

! 59 

12.0 

! 2 . 6:1 

3 

87 

; 66 

12 

72 

15.4 

1.8 :1 

1 


13 , 2 , 14 , 8 


1 

90 1 

80 

i 

60 1 

15.5 

2.3 

1 

2 

73 ! 

79 

10 

73 

12.0 

1.8 

1 

3 

75 

1 

66 

11 1 

63 

15.1 

1.9 

1 


Three of the sisters by brother No. 1 failed to produce any 
progeny when transferred to separate bottles. Each of the other 
sisters, however, showed the presence of a lethal factor. Thus 
all 19 daughters of the female gave a 2 : 1 ratio. There can be^ 
no question but that the high sex ratio of the mother was due 
to two lethals. Virgin red eyed daughters of some of these 
females were then mated to white eyed brothers with results 
as shown in table 15. 

Since the mothers of the females used in table 15 w^ere all 
heterozygous for white and for one or the other lethal, they 
would, when mated to red eyed males, produce two kinds of 
daughters; one-half heterozygous for a lethal and the other half 

' If the sons that came through were due to crossing over, then the X chromo- 
some that went into each is free from lethals and consequently they must be 
normal males. The normality of these three males was also tested by mating 
them to wild females. The sex ratio was normal. The daughters of the three 
males were tested individually and gave normal ratios. 
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TARLE 14 


Ten, inters htj brother \o. 1 


SO. OF PA in 

BED FEM-ILES 

BED MAlKsi 

WKITE MALMS 

SK\ l«.\TIO 

nit JUS I Mi ove« 
bltwkkx WHirit 

A VO I.UTH AL 

1 

105 

S 

41 

2,14 :1 

16.7 

3 

224 

23 

lOS 

' 1 .80 : 1 

17. () 

5 

64 

6 ’ 

18 

2,70 ; 1 

25,0 

6 

' 90 

7 

36 

2.09 : 1 

16. ;i 

7 

1 35 

2 

7 

3. 88 ; 1 

22.2 

* 8 

38 

2 

6 

4.75 : 1 

25.0 

9 

36 

3 

12 

2,40 ; 1 

20.0 

Mass 

1 428 

61 

136 

2,18 : 1 

30.9 

. 


Three sisters by brother No. 2 


1 

128 

18 

38 

2.0; 1 

:13.1 

2 

176 

13 

78 

2.0:1 

13.3 

3 

■ 197 

il 

78 

2.1:1 

12.4 

Mass 

336 

25 

109 

2.5 : 1 

IS. 6 


heterozygous for white. The females heterozygous for wliite 
when mated to white eyed males would produce equal numbers 
of red eyed and white eyed males and females (table 15) except 
where the lethal may have crossed over to the factor for white 
(as was the case in numbers 5 and 1, starred m table 15) .^ The 
females heterozygous for lethal when mated to the wl^itc eye 
males produce the 2 : 1 ratio, also indicated in table 15. 

Matings were, also, made between the three males and daugh- 
*ters of the sisters of the males with results ‘as follows# 

(13, 2, 1, 4; Female by W malc)F ; Female by Mo. ^ male ^ 


XO. OF PA IK 1 

FEMALES 

Red 

Mass 

236 

1 

172 

2 

116 

3 

125 

4 

141 


Red 


16 

9 

7 


UALK?? 


White 

SEX K.ATIO 

CrtfJSSlN'O OVEK 
BETWEK.V white 
AJ iP LETUAL 

95 1 

2.3:1 

5.9 

85 

1 1,7:1 

15.8 

43 

2.2:1 

17.3 

10 

2.7:1 

14.9 

01 

2,1:1' 

7.6 


« The oiher ebsB resulting from such crossing ovjr should o^ntnin neither the 
white nor the lethal, and one such female is recorded m tal Jo. 
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TABLE 15 


{Sister by No. I male), F 2 



FEMALES I 

MAE.ES 

! 

j 8BX BATIO 

CKOSSINO OVER 
BETWEEN WHITE 
ANB LETHAE 


Red 1 

White 

Red 

White 

1 

72 

80 

69 

78 

1.02 :1 


2 

63 

48 

49 

49 

1.13:1 , 


3 

18 


8 


2.25:1 


4 

50 


32 


1 .56 : 1 


0 * 

43 

1 

51 

27 

1 ^ 

2.85 :1 

18.2 . 


{Siste,r by No. I male) 3 Fz 


1 

145 


• 72 • 


2.00 :1 

2 

141 


75 


2.00 :1 

3 

53 

67 

47 

75 

1.00 ;1 

^ 1 

30 

42 

32 

41 1 

1.00 ;1 

5 

43 

34 

50 

44 

0.82 : 1 

6 

161 

34 1 

67 

44 

1.76 :1 


{Sister by No. 2 male), F* 


1 

2 

3 

4 

5 

! 137 

103 

72 

i 164 

101 

86 

1 i 

72 

! 107 

1 81 1 

1 86 ; 

47 

1 

74 

1 .90 : 1 
0.90 :1 
1.00 :1 
2.00 :1 

2.10 :1 

1 

1 

1 



{Siste: 

r by No. 3 male), 3 Fa 



1* 

101 

85 

64 

14 

2.40 : 1 

19 0 

2 $ 

29 

.24 i 

, 

20 1 

1.00 :1 


3 

168 


65 


2.60:1 


(Sisler by No. 2 male) Mass Fg 

1 

• 97 

69 

77 

70 

1.00:1 


2 

78 


24 


3.00:1 


3 

153 


72 • 


2.00 :1 



The four daughters show the presence of a lethal. 

Summary: The nineteen tested females of 13, 2, 1, 4 (table 6) 
gave a 2 : 1 ratio. Other tests showed that the three males 
behaved like normal males. The explanation of her high ratio 
(2:1) is that two lethal factors were present. 
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Tabl| 16 gives some of the counts of the descendants of 13, 
2, 1, 4 with white eyed males. 


TABLE 1« 


females 

MAI 


CKOKSiNt: nvKi: 
BETWEEN white 
AND LETHAI. 

Red 

White 

Red 

White 

162 

8,5 

• 14 

70 

15 0 ■ 

228 

209 

30 

144 

17.2 

100 

84 

13 

68 

16.0 

91 

91 

12 

08 

15.0 

127 

123 

15 

' 85 

15 0 

122 

125 

,16 

108 

12.8 

127 

110 

IS 

117 

13 3 

115 

115 

' 23 i 

119 

16.2 

95 

86 

' , 12 1 

57 

, J7.4 • 

142 

105 

15 i 

88 

14.5 

137 

138 

20 

US 1 

14.4 

43 

43 

8 

39 

17.0 

87 

66 

12 

72 

14.3 

90 

70 

11 

00 

15.5 

108 

102 

17 

79 

17.7 

72 ^ 

65 

15 

53 

22.0 

76 i 

77 

13 

48 

21 .3 

120 

14D 

30 

120 

20.0 

119 

100 

29 

90 

24.3 

130 

98 

18 

60 

20.7 

149 

133 

22 

95 

18.8 

193 

155 

38 

. 138 

21.6 

229 

194 

44 

124 

20.2 

, 172 

174 

32 

116 

21.6 

193 

155 

38 

138 

^1.6 

184 

201 

35 

139 

20.1 


Numbers 5 and 1 starred of table 15 show a decided decrease 
in the number of white males. It looked as if the lethal factor 
had crossed over into the chromosome carrying the factor for 
white. To examine this, virgin females from number 1 were 
mated to white eyed miniature males as shown in table 17. 

A lethal factor connected with the factor for white is evidently 
present since all the white eyed females gave a 2 : 1 ratio. 

The red eyed sisters of the white eyed females ki table 17a 
should bear no lethal if, as the last table indicates, crossing over 
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. TABLE 17 (») 


White eyed granddaughters of sister and brother by a white eyed miniature male 


N». OF PAIR 

• 

WHITR FEMALES 

WHITF. Males 

SEC RATIO 

1 

79 

44 

1.8 ;1 

2 

171 

71 

2 . 4 ’: 1 

3 

176 

88 

2.0 :1 

4 

182 

90 

2,0 : 1 

5 

187 

88 

2.1 : 1 

6 

176 

63 

2.8 : 1 

7 

139 

48 

2.9 :1 

8 

182 

72 

2,5 :1 

9 

170 

104 

1.6 :1 

10 

161 

68 

2 . 4:1 


had taken place, except when crossing over occurred again in 
the mother. This was tested (table 17b). 

TABLE 17(b) 


Red eyed granddaughters of sister and brother by white eyed miniature male 


NO. OF PAIR 

FEMALES 

MALES 

! 

SE.'l ratio 

1 

Red 

\)hite 

Red 

White 

1 

48 

.59 

20 • 

43 

1 . 54:1 

2 

76 

78 

74 

58 

1.16 : 1 

3 

82 

59 

50 

50 

1.41 : 1 

4 

69 

68 

66 

62 

1.07 :1 

5 

70 

52 

67 

51 1 

1.08 :1 

6 

65 

63 

80 

61 

0.90 : 1 

7 , 

88 

53 

29 1 

59 

1 . 60:1 

8 • 

33 i 

34 


27 

2.09 : 1 

9 

42 

53 

6 

35 

2 ,. S 2:1 

10 

79 

65 

i > 1 

44 

3.20 : 1 

^11 

64 

99 


71 1 

2.00 :1 


Four of the red eyed females gave a 2 : 1 ratio indicating th^ 
crossing over did occur in the mother. 

To determine whether this lethal is the new one or the original 
one whose locus was shown to be at 23.7 the white eyed females 
were mated to eosin^ to find the locus of the factor in the chromo- 

® Eosin is an allelomorph of white. A female that has the eosin factor in one 
X and the white factor in the other X can be distinguished from a pjire female 
with eosin in both X’s. 
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somes.. If it is a crossover it should be foufid to have the same 
locus as the factor with the red. 

The white eyed females mated to oosin males gave white- 
eosin® long winged females (with the factor iov lethal): white- 
eosin miniature females; white eyed miniature males; and a h'w 
white eyed long winged males as crosso\'crs. 

The white-eosin long winged females wore again mated to 
eosin miniature males. This mating ga^'e wiiite-cosin long w^inged 
females with the lethal factor, eosin miniature females without 
the lethal factor, eosin long winged females and, white-eosin 
miniature females, eosin miniatur^ males, white eyed miniature 
males, eosin long winged mal6s and white long winged males. 
The single crossovers are the white miniature and the eosin long 
winged males, while the wiiite long winged males are double 
crossovers. In table 18 some of the counts are given. 

The crossover value of white with the lethal involved is 15.0 
and that of the lethal with miniature is 19.9. Therefore the 
locus of this lethal is at 16.7, tliat is, 1.1 plus 15.6. The locus 
of the original lethal was shown to be at 23.7, so that tliis lethal 
with a locus at 16.7 must be the new lethal whose advent led to 
the production of the high sex ratio. The mother of the high 
sex ratio carried in one of her X chromosomes the origmal lethal 
at 23.7 and in the other X chromosome, the one derived from 
the father, the new lethal at 16.7. 

If this female contained two lethals some of her desccntlants 
' should have one and some the other; and these two kinds should 
be expected to give slightly different linkage values with white. 
If then the values obtained from all of her descendants be 
plhted they should give a bimodal curve. Diagram 1 was made 
from such data except that the diagram does not include, the data 


in table 18. i 

In diagram 1 there is a strong mode at 15 which corresponds 

to the new lethal, but the mode which corresponds to the original 
lethal gives only a weak mode at 22; indeed the curve is not 
obviously bimodal, small number of determinations not being 
sufficient to distinguish clearly between the two lethals. the 



TABLE 18 




FEMALES ■ 



MALES 


LINKAfiE 

LTNKAOE 

NO. 

OP PAIB 

White- 
cos n 
long 

Eosin 

minia- 

ture 

White. 

cosin 

minia- 

ture 

Eosin 

long 

Eosin 

minia- 

ture 

White 

minia- 

ture 

Eosin 

long 

White 

long 

OP WHITE 
WITH 
LETHAl 

OF LETHAL 
WITH 

MINIATURE 

1 

28 

32 

17 

10 

27 

4 

10 

0 

W 

9.8 

M 

24.4 

2 

34 

22 

24 

11 

32 

7 

7 

2 

18.8 

18.8 

3 

35 

24 

17 

18 

29 

9 

6 

0 

20.5 

* 14.0 

4 

39 

35 

14 

9 

29. 

4 

9 

0 

9.5 

21.4 

5 

81 

62 

69 

36 

87 

15 

23 

1 

12.7 

19.0 

6 

66 

82 

42 

25' 

74 

17 

20 

3 

17.5 

20.1 

7 

31 

11 

25 

7 

25 

4 

5 

0 

11.8 

14.7 

8 

34 

30 

26 

17 

41 

2 

9 

' 0 

3.8 

17.3 

9 

39 

42 

22 

10 

42 

5 

8 

0 

9,0 

14.4 

10 

48 

48 

51 

27 

59 

9 

18 

0 

10.46 

20,0 

11 

28 

40 

24 

15 

25 

5 

10 

0 

12.5 

25.0 

12 

47 

44 

19 

16 

ts 

• 6 

15 

0 

8.7 

21.7 

13 

17 

23 

14 

! 17 

26 

6 

10 

0 

14.3 

24.3 ■ 

14 

1 44 

1 24 

1 

11 

1 35 

6 

10 

0 

11.7 

19.6 

15 

88 

62 

62 

! 31 

63 

12 

23 

0 

12.2 

23.4 

16 

' 93 j 

1 78 

1 37 

30 

! 100 

10 

30 

1 

. 8.0 

‘ 22.0 

17 

113 

120 

; 63 

80 

101 

25 

37 

1 

15.6 

23.1 

18 

104 

105 

70 

78 1 

83 

21 

! 33 

■ 3 

17.1 

23.5 

19 

58 

42 

39 

34 1 

49 

15 

17 

3 

21.4 

23.8 

20 1 

87 , 

73 

51 ; 

46 

78 

17 

18 

1 

: 15.8 

16.6 

21 

60 

60 

41 

38 

44 

9 ; 

13 

1 

14.9 I 

20.9 

22 1 

60 

44 1 

38 

' 22 

47 

16 

18 

2 

1 21.6 i 

24.0 

23 

48 

45 

45 

22 

30 1 

9 , 

13 

1 

19.0 

26.5 

24 

48 

35 

38 

23 

58 1 

11 ! 

•17 

1 

13.8 

20.7 

25 

95 

76 

54 

26 

76 1 

26 

19 

■3 1 

23.4 

17.7 

26 

58 

49 

39 

29 

56 ' 

13 

14 

1 

16.6 

18.0 

27 

56 

35 

24 

37 

64 

21 

11 

3 

24.2 

14.1 

28 

63 

60 

49 

‘37 

69 

20 

16 

2 

20.5 

17.0 

29 

54 

44 

48 

33 

47 

4 

11 

2 

9.4 

20.3 

30 

52 

39 

38 

24 

55 

13 

19 

1 

15.9 

22.6 

31 

49 

38 

37 

25 

53 

5 

13 

0 

7.0 

18.3 

32 

53 

54 

29 

16 

49 

2 

9 

0 

3.3 

15.0 

33 

65 

45 

47 

30 

71 

14 

15 

1 

14.8 

15.8 

34 

107 

54 

07 

38 

100 

21 

26 

3 

16.0 ■ 

19.4 

35 

101 

54 

67 

29 

78 

21 

28 

0 

16.4 

22,0 

36 

69 

48 

52 

30 

63 

16 

23 

2 

17 3 

24.0 

37 

58 

24 

66 

25 

50 

8 

9 

3 

15.7 

17.0 

38 

57 

38 

47 

25 

57 

17 

17 

0 

18.7 

18.7 

• 39 

63 

45 

41 

33 

54 

18 

13 

1 

22.1 

16.2 

40 

28 

28 

19 

16 

39 

8 

12 

0 

13.5 

20.3 

41 

60 

36 

27 

26 

28 

6 

4 

2 

20.0 

15.0 

. 42 ' 

.64 

34 

51 

32 

71 

. 15 

23 

1 

14.5 

21.9 

43 

26 

32 

45 

25 

51 

8 

13 

2 

13.5 

20.2 

44 

52 

50 

46 

34 

57 

24 

10 

1 

27.0 

12.0 


2198 

2174 

1780 

1201 

2421 

524 

685 

48 

. 6633 

8656 
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determinations of table 18 are all of the crossover value white 
new lethalj and are expected to give a unimodal curve with 
the mode at 15. 

SUMMARY 

Lethal factors were found in inbred stock only. Fresh wild 
stock gave no unusual sex ratios. 

The first lethal (ha) was found in stock caught in 1911 and 
has its locus at 23.7. One female of this stock gave an ex- 
traordinarily high sex ratio; viz., 83 females to 3 males. That 
this extraordinary sex ratio is due to the presence of two lethal 
factors, one in each X chromosome, is shown by the fact that all 
(not half) the daughters gave a 2 to 1 sex ratio. 

The now lethal (hb) that appeared in the female with extra- 
ordinary sex ratio crossed over, in one case examined, to the 
X chromosome that carried the factor for white. Its locus is 
at 1,6*. 7. Two other lethals were found in the 1910 stock. The 
first (lac) has its locus at 65.2. The other (bd) differs from all 
other lethals in that the lethal bearing males emerge from the 
pupa case, and die almost immediately on becoming adult flies. 



AN ATTEMPT AT A PHYSICO-CHEMICAL EXPLANA- 
TION OF CERTAIN GROUPS OF FLUCTUATING 
VARIATION 

JACQUES LOEB and MARY MITCHELL CHAMBERLAIN 
I 

There is a general tendency to visualize the factors which 
determine the hereditary characters as specific chemical com- 
pounds. If we wish to carry this view (with which we sympa- 
thize) beyond the limit of a vague statement, we must either 
try to establish the nature of these compounds by the methods 
of the organic chemist, or we nuist use the methods of general 
or physical chemistry and try to find ■ numerical relations by 
which we can identify the quantities of the reacting masses or 
the ratio in which they combine. Attempts in this direction 
have been made by the suggestion of Loeb^ that phenomena of 
growth belong in the group of auto-catalytic processes, and by T. B. 
Robertson's^ and Ostwald's investigations supporting and enlarg- 
ing this idea; by A. R. Moore's^ attempt to show that in hybrids 
the velocity of development of the dominant character is slower 
than in the pure dominant breed; and by Loeb and Ewald's* 
proof that all the embryos of Fundulus have practically the same 
rate of heart beat at the same temperature. Since our new 
experiments are a sequence of this last mentioned paper, we 
may briefly discuss its contents. 

ij. Loeb. Ueber den chemischen Character dcs Befruchtungsvorgangs 
Roux’s Vortr^ge iind Ausatze, Leipzig, 1U08. Biochem. Ztschr., 2, 34, 1906. 

2 T. B. Robertson* Roux's Archiv, 25, 581, 1908; 108, 1908 ; 37, 497, 1913. 

Am. Jour, Physiol,, 37, 1, 1915; Robertson and Wasteneys, Roux's Archiv, 37, 
485, 1913; Wo, Ostu ald. Ueber die zeitiinhen Eigenschaften der Entwicklungs- 
vorgange, Leipzig, 1908, 

3 A. R. Moore. Roux’s Archiv, 34, 168, 19J2, 

J. Loeb and W. E. EwakL Biochem, Zt.schr., 58, 177, 1913. 
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G. G. Rogers^ has shown that the heart beat of the embryo 
of Fundulus has a temperature coefficient of the order of the 
magnitude of a chemical reaction, i.e., that it practically doubles 
for an increase of temperature of lO^C. Loeb and Ewald found 
that the rate of heart beat is practically the same in each indi- 
vidual embryo (of a certain age) for a given temperature, vary- 
ing only in very narrow limits: so that the rate of the heart beat 
of any of these embryos could be utilized as a thennometer. The 
authors explained this fact on the basis of general chemistry as 
follows: given a sufficient quantity of •substrate the velocity of 
the reaction is in proportion to the mass of enzyme. If we 
suppose that the rate of the heart beat is det;ermined by the 
velocity of an enzyme reaction — which supposition agrees with 
the temperature coefficient — we must conclude that all hearts 
of Fundulus embryos must have the same mass of enzyme, since 
they all beat at the same rate when the temperature is the same. 
If we consider the rate of heart beat of the Fundulus embryo 
a hereditary character — which is legitimate — we are forced to 
the conclusion that each embryo of Fundulus inherits practically 
the same mass of those enzymes which are responsible for the 
heart beat. The hereditary factor in this case must consist of 
material which determines the formation of a given mass of these 
enzymes, since the factors in the chromosomes are too small to 
carry the whole mass of the enzymes existing in the embryo 
or adult. 

ir 

While the rate of heart beat is approximately the same in each 
egg (at the right age) and for the same temperature, we notice 
slight variations, the usual fluctuating variation. It occurred 
to lis that this fluctuating variation might offer a chance for 
further testing the enzyme conception of the factors of certain 
hereditary characters. We selected, instead of , the rate of heart 
beat, the velocity of^cell division. Loeb'^ had shown in a former 
paper that the time from insemination to the first cell division 

" C. G. RogeiB. Am. Jour. Physiol., 28, 81, 1911. 

® J. Loeb. Pfiiiger’s Archiv, 124, 411, 1908. 
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in the egg of the sea urchin Strongylocentrotus purpuratus 
can be so sharply measured and is so nearly constant that it 
can be used for ^ the establishment of a temperature coefficient 
and this was later confirmed by Loeb and Wasteneys’ for the 
egg of Arbacia. Since the influence of temperature is again of 
the high order characteristic of chemical reactions, we may malce 
the assumption that each egg carries a definite mass of one or 
more enzymes or catalysers which determine the rate of cell 
division. If we fertilize a mass of eggs of the same female of 
Arbacia and keep them at the same temperature, we find that 
they do not all begin to segment at the same time, and that 
there ijs an intorval between the cell division of the first and 
last egg of the group. If we assume that the velocity of 
the cell division is determined by the mass of enzymes and the 
temperature, the fact that at t° some eggs divide after 100, 
others after 101, 102, until, e. g., 113 minutes, we must con- 
clude that this diflerence in time is the expression of a corre- 
sponding difference in the mass of enzymes in different eggs, 
those dividing in 100 minutes having a greater mass of enzymes 
than those dividing in 102, 103, etc., and 113 minutes; and that 
the mass of enzymes varies in inverse proportion to the time 
required for cell division at a given temperature. On this basis 
we should have to assume that the latitude of variation in the 
rate of cell division of a group of eggs is the expression of a 
'corresponding variation in the mass of enzyme in the individual 
eggs. This idea can be put to a test with the aid of the tem- 
perature coefficient. If we call m the minimum mass of the 
enzyme responsible for the first cell division in the slowest eggs, 
then we shall find a certain greater percentage of eggs with the 
enzyme mass m + a, a still larger percentage with the mass 
m + a 2 , and a small number with the mass 771 an where m + an 
is the greatest mass of enzyme occurring in an egg. If the eggs 
with the mass tA + an divide at the tem^rature after 100 
minutes, they will divide in about Qio X 100 minutes at the 
temperature (t - 10)°, where Qio is the temperature coefficient 
for 10°C. at this point; the eggs with the smallest mass of enzyme 

’ J. Loeb and H. Wasteneys. Biochem. Ztschr,, 36, 345, 1911. 
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m, which at divide after 113' will divide at (t - 10)° after ' 
Qio X 113 minutes, since the temperature coefficient must be 
the same for both types of eggs. If we call the difference in the 
time of segmentation between the slowest and fastest egg the 
latitude of variation, this latitude of variation should vary in 
direct proportion to the temperature coefficient for cell divi- 
sion if our theory is correct. 

Ill 

We will first give the temperature coefficient of cell division 
for the egg of Arbacia for different temperatures; i.e., the results 
of measurement of the time required from the moment of insemi- 
nation to the moment when the first egg in the field was seen to 
divide. The eggs had been kept in a water bath with constant 
temperature, and a little before the cell division was expected 
to occur (which time we knew from the former observations of 
Loeb and Wasteneys) the eggs were put into a watch glass of 
the temperature of the eggs and the exact time ascertained when 
the first egg of the lot undenvent cell division. Table 1 gives 
these times according to Loeb and Wasteneys, and according 
to our own observations. The reader will notice how closely 
both values agree.® Our values are the average of a number of 
determinations, which show only a negligible variation. 

Beyond 31° no segmentation occurs. We tried no experi- 
ments on the latikide of variation beyond -25° or below 9°, since 
outside of these limits the segmentation is no longer entirely* 
normal. 

From the results of table 1 we compute the temperature co- 
efficients for the time from insemination to the first appearance 
of cell division (table 2). 

In order to determine the latitude of variation of the time 
of segmentation — i.e., the interval between the time at which 
the first egg of a set begins to segment and the time when the 
last egg segments f?r a certain temperature, we proceeded as 

*The eggs were always used in the first hours after they had been removed 
from the animal. The time required for the first cell division was remarkably 
constant in different experiments. It is worth mentioning that such constancy 
is only possible when the temperature is kept constant. 



GROUPS OF FLUCTUATING VARIATION 503 

TABLE 1 

Time in minutes from inmnination to the cell division of the first egg ht Arhucia 


TEMPER, ^.Tl'KK 

li)v;b wd U'.\stFxevs 

HIEB .VND 
CH.\MHEUL.\IS 

dtgre/’.i 



7.0 

498,0 


8,0 

410.0 

411.0 

9,0 

308,0 

297.5 

10.0 

217.0 

208.5 

11.0 

175.0 

175.0 

12.0 

147.0 

148.0 

13.0 


129.0 

14.0 


110.0 

15.9 

100.0 i 

100.0 

IG.O 

1 85.5 


17.5 

1 70.5 


18.0 

GS.O 

08.0 

19.0. 


05.0 

20,0 

50. 0 

56.0 

21.0 


53.3 

22.0 

17.0 

46.0 

23.0 


45.5 

24.0 


42.0 

25.0 

10. U 

;i9.5 

20.0 

33.5 


27,5 

34.0 


30,0 

! 33,0 


;u.{) 

37.0 



fellows: The eggs were inseminated in sea water, and kept in 
a water bath at the desired temperature. The eggs remained 
in this water bath until about the time when the first segmen- 
tation was expected to occur. Tn the meantimej a second water 
bath was prepared on the stage of the microscope whose tem- 
perature was slightly below that of the desired temperature. 
This water bath contained the watch glass in which the segmen- 
tation of the eggs was to bo observed. The watch glass had 
therefore the temperature at which the pggs were observed. 
The temperature of this water bath was also kept constant. 
When the temperature at which the latitude of variation was 
observed was very low and that of the air of tire I’oom was high 
a slight error crept in, in as much as the temperature of the 
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TABLE 2 


tempera rvRE 
COEPFICIEMT FOB 


8/18 

4 ^ 

68 

= 6.0 

9/19 

m 

65 

= 4.5 

10/20 

208.5 

56 

= 3.7 

11/21 j 

175 

53.5 

= 3 .% 

12/22 

146 

4 ^ 

= 3.2 

13/23 

129 

4 ^ 

= 2.8 

14/24 

116 

42 

= 2.8 

15/25 

100 

40 

= 2.5 


water in the watch glass rose slightly during observation. Thii 
error made itself felt in that in the case of low temperatures th( 
actual temperature was occasionally a trifle higher than intended 
We shall come back to this point later on. 

When the eggs had been put into the w^atch glass, a field witl 
no less than 80 and often as many as 150 eggs was selected 
and every minute the number of eggs which underwent cell divi- 
sion was counteil until the last egg had divided. Very often g 
small percentage of the eggs had remained unfertilized and these 
of course did not divide.^ In table 3 we give a few exainples of 
the actual measurements of the latitude of variation in the 
time required from the segmentation of the first to that of the 
last egg in a held. 

As far as the irregularities in the first two minutes are con- 
' cemed, they must probably be attributed to the fact that the 
entrance of the spermatozoa into the eggs occurred somewhat 
irregularly, the raonfent of insemination differing in various eggs 
within one or two minutes. Table 4 gives the latitude of varia- 

* When this number was great the material could not be used since in such 
cases the spermatozoa no longer entered the eggs simultaneously. 
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TABLE 3 


Latitude of variatio'fi in se/fmentation lime 



, TEMfERaTURE 

XUMBEK OF 

25" 

15* 

22“ 

22" 

12" 

12" 

BOGS 8EG- 





1 


mbntbo 







AFIBB 



Number of ogKa in field 




117 

127 

116 

126 

116 

100 

tnirmtes 







1 

3 

1 

1 

, 2 

4 

3 

2 

12 

6 

•8 

24 

15 

5 

3 

34 

15 

21 

49 

26 

8 

4 

68 

34 

33 

85 

40 

10 

5 

107 

44 

85 

95 

51 

12 

6 ' 

10 eggs not 

62 

103 

111 

60 

16 

7 

fertilized 

79 

110 

117 

67 

19 

8 


90 

116 

119 

77 

20 

9 


95 


7 eggs not 

80 

24 

10 


100 


fertilized 

SO 

28 

11 


109 



88 

32 

12 


18 eggs not 



88 

36 

13 


fertilized 



88 

38 

14 


• 



90 

49 

15 





92 

60 

16 





95 

75 

17 






84 

18 





100 

85 

19 





101 


20 





105 

85 

21 





* 105 

95 

22 





106 

96 

23 





108 


24 




1 

8 eggs not 


25 





fertilized 

98 







2 eggs not 







fertilized 


tion, i.e., the difference in time between the segmentation of the 
last and that of the first egg in a field for different temperatures 
for all observations ma.de. The averages appear in the last 
line. 

This series illustrates the source of error to which we have 
already alluded, namely, that at low temperatures the times 
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TABLE 4 



were liable to be too short when the outside temperature was 
A^ery high. Thus the value 13 minutes for the temperature of 
13° is unquestionably too low, and probably the values 46 and 
47 for 9°C. are also too hw. At the higher temperatures the 
values differ much less, since the temperatures approximate much 
more the room temperature. 

We are no\V^ in a position to compare the expected with the 
observed result. The expected result is the series of tempera- 
ture coefficients for the time from insemination to the time when 
the first egg of the set begins to divide; the observed result is 
the series of temperature coefficients for the latitude of variation, 
i.e., the time which elapses between the segmentation of the first 
and last egg in a set. These two sets of coefficients should be 
identical and table 5 shows the degree of agreement. 

A comparison shows that the temperature coefficients for the 
latitude of variation are practically identical jrith the tempera- 
ture coefficients for cell division, and that where a noticeable 
difference exists it is always in the same direction, namely, the 
coefficients for the latitude of variation are a trifle too small. 
We can account for this on the basis of the deficiency in the 
method we have already discussed, namely that when the tem- 
perature of observation was low and that of the room high, the 
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TABLE 5 

Temperature coeflcients for lalihide of variaiio}i 


•ti-mhehatc'hrs 

EXPECTED 


9/19 

j 

1 

II 

10/20 

3.S 

:!!) .5 

11/21 

3.3 

26 

12/22 

3.1 

22.5 


> 


13/23 

1 

19 ^ 

— 2.4 

14/24 

' 2.8 

17.5 

— = 2,3 

9 I0/2.5 

2.0 

i 

13 

= 2.0 

0 


temperature in the watoh glass may have risen slightly during 
the observations. Since in the determination of the temperature 
coefficient the value for the low temperature forms the numer- 
ator, it is obvious that the observed temperature coefficients 
are liable to be a little smaller than they would be without this 
error. We expect to test this idea next season. 

TTllCORETICAL REAfeYRKS 

It was found in a previous investigation that the time which 
elapses from the moment of insemination to the moment of the 
beginning of cell division in the egg of Arbacia, is a constant 
for a given temperature. On the basis of the enzyme theory 
this was to be explained on the assumption that the mass of 
ferments contained in the egg of the sea urchin responsible for 
this process is apfjroximately constant in each individual egg. 
This \vould mean tha^t the hereditary factor determining the 
rate of cell division consists in determiners for definite quantities 
of ferments. This idea was put to a test by applying it to the 
fluctuating variability of this process. AVhile for a given tem- 
perature the eggs of Arbacia will always begin to segment at the 
same time, not all the eggs segment simultaneously. Assuming 
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that those eggs which segment first have a greater mass ,of fer- 
ment than- the others, fluctu^ing variability would in this case 
be due to differences in the mass of ferment in the different eggs 
of the same female. If this idea' were correct, eggs with the 
maximum and with the minimum amount of ferment should 
differ in the rate of segmentation by an amount of time which 
would vary in direct proportion to the temperature coefficient 
for the process of segmentation. This theory was tested and 
it was found that the observed values agree very closely with the 
expected values; the slight varialtions found being in the direc- 
tion of the possible source of error of the method of the experi- 
ments. These experiments support therefore the idea that the 
hereditary factor responsible for the rate of segmentation is a 
determiner for a given mass of certain ferment^^ and that fluctu- 
ating variability depends in this case upon slight but definite 
variations in the mass of those ferments in different eggs. 

SUMMARY OF RESULTS 

1. It is shown that the temperature coefficient for the lati- 
tude of variation of the segmentation of the egg of Arbacia 
(i.e., the time between the segmentation of the first and last 
egg of a group fertilized at the same time) is practically identi- 
cal with the temperature gfcoefficient for segmentation. 

2. It is shown that the fact is intelligible on the assumption 
that the fluctuating variation in this case is due to a variation 
in the mass of enzyme contained in the different eggs and sup- 
posed to be responsible for the rate of' segmentation. 








